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PREFACE

Radian Corporation is the contractor for the Installation Restora-
tion Program (IRP) Phase II, Stage 2 investigation at Carswell AFE, Texas.
The work was performed under USAF Contract No. F33615-87-D-4023, Delivery
Order 0004, in two separate efforts; the first in 1987-88, and the second in
1990.

A hydrogeological investigation was conducted at several landfills,
fire department training areas, and fuels handling areas to further assess and
define the extent of contamination confirmed in the Stage 1 investigation at
Carswell AFB. Soil gas surveys were conducted in 1988 at two locations to
determine the extent of petroleum hydrocarbon vapors. Ground-water monitor
wells were installed in alluvial materials to further define the limits of

ground-water contamination. Soil samples were collected during drilling
operations and with hand augers at selected sites and analyzed for a broad
range of parameters in the initial Stage 2 effort. Water samples collected
from the wells and several surface water bodies were analyzed for a wide

spectrum of total metals, inorganic compounds, and organic compounds.
Dissolved metals concentrations were analyzed only in the samples collected in
1990. A pumping test of the Upper Zone Aquifer was also performed in the
Flightline Area in 1990. A baseline risk assessment, incorporating all
analytical data, was performed, and remedial action alternatives were identi-
fied and evaluated for the Flightline Area and four sites in the East Area of
the base (Sites LFO1, SD13, ST14, and BSS) in the Feasibility Study.

Key Radian project personnel were:

Nelson H. Lund IRP Contract Manager

William L. Boettner IRP Program Manager

Lawrence N. French Project Director/Delivery Order Manager
(1987-88)

Debra L. Richmann Project Director (1990)

Guy J. Childs Supervising Geologist (1987-1988)
Stephen E. Fain Supervising Geologist (1990)
Scott B. Blount Supervising Geologist (1990)

Sandra A. Smith Risk Assessment Task Leader

Kathleen A. Alsup Remedial Alternatives Task Leader

Jeffery P. Young Flightline Area FS Task Leader

Gary S. Shaw East Area FS Task Leader

Gary L. Patton Database Management and QA/QC Task Leader



Greg A. Hamer Senior Technical Reviewers
James H. Clary
James L. Machin
Leo M. Dielmann

Radian would like to acknowledge the cooperation of the Carswell AFB
Civil Engineering Staff. In particular, Radian acknowledges the assistance of
Mr. Frank Grey, Mr. Raj Sheth, and Sgt. Stanley Reinhartz.

The work reported herein was accomplished between December 1987 and
July 1990. Mr. Karl W. Ratzlaff, IRP Technical Operations Branch, Human
Services Division (AFSC) IRP Program Office (HSD/YAQ), was the Technical

Project Manager.
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Nelson H. Lund, P.E.

Contract Manager
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EXECUTIVE SUMMARY

A Remedial Investigation (RI) was performed by Radian under the

U.S. Air Force Installation Restoration Program (IRP) to characterize environ-

mental contamination present in East Area IRP sites on Carswell AFB, Texas,

the existence of which was documented in preceding IRP studies. The affected

environmental media include soil, surface water, and ground water present in

the surficial alluvial aquifer (Upper Zone). In contrast to Upper Zone

ground-water contamination that occurs within the Carswell AFB Flightline

Area, contamination in the East Area is considerably less extensive, and is of

varying nature that can be directly correlated with discrete point sources

(i.e., the subject IRP sites of this report). The RI was conducted in stages

from 1988 to 1991. Radian also performed the earlier IRP Phase II Stage 1

investigation (1986); the IRP Phase I Records Search was performed by CH2M

Hill (1984).

The most recent field and analytical effort was conducted in 1990

to provide additional information necessary to support a Feasibility Study

(FS) of remedial alternatives applicable to the East Area sites. The 1990

effort was limited to further characterization of four of the East Area IRP

sites:

• Site LFO1 - Landfill 1;

• Site SD13 - Unnamed Stream and Abandoned Gasoline Station;

• Site ST14 - POL Tank Farm; and

• Site BSS - Base Service Station.

The locations of these, and other East Area IRP sites that are addressed in

separate project reports and documents, are shown in Figure ES-l.

Two major tasks were performed to address existing data gaps.

Monitor wells were installed at Sites SD13 and ST14 to provide new or ad-

ditional information on the extent of Upper Zone ground-water contamination,
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Figure ES1. Location of East Area Sites, Carswell AFB, Texas
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the potentiometric surface configuration and ground-water flow directions.

One additional round of ground-water samples was collected from the newly

installed and existing monitor wells, and four surface water samples were

collected from Unnamed Stream at Site SD13. All samples were analyzed for

waste-specific indicator chemicals for each site. Metals analyses were

performed on both filtered and unfiltered samples.

The shallowest water-bearing zone, known as the Upper Zone Aquifer

was the focus of the East Area IRP efforts. In the East Area, as well as

across Carswell AFB and the adjoining area of Air Force (AF) Plant 4, the

Upper Zone consists of unconsolidated Quaternary and Recent alluvial deposits

(sand, gravel, silt, and clay) that contain ground water under unconfined

conditions. The Upper Zone deposits in the East Area vary from approximately

7 to 20 feet thick, except immediately adjacent to the Trinity River where

they are thicker. The Upper Zone is underlain by low permeability limestones

and shales of the Cretaceous Goodland and Walnut Formations which form a basal

aquiclude. Ground water in the Upper Zone Aquifer is encountered at depths

ranging from approximately 6 to 13.5 feet below ground level (bgl) and ground-

water flow in the East Area is generally toward the Trinity River. Based on

six slug tests performed in East Area wells in 1988, calculated hydraulic

conductivities of the Upper Zone range from approximately l0 to 10-2 cm/sec.

A series of hydrogeologic cross-sections through the East Area was prepared

from boring logs and synoptic water level measurements. They are included in

Section 3 of this report to illustrate the local subsurface conditions.

The main surface water bodies located in the East Area are the

West Fork of the Trinity River, Farmers Branch, and the Unnamed Stream at Site

SD13. The Unnamed Stream emerges from an oil/water separator and flows into

Farmers Branch, which in turn discharges to the Trinity River along the

eastern boundary of Carswell AFB.

Ground-water samples from 21 wells were most recently collected by

Radian for chemical analysis during April and May 1990. Four surface water

samples were also collected. All East Area monitor wells are completed in the

Upper Zone Aquifer. Since the wastes and known contaminants vary from site to

site, not all samples were analyzed for the same suite of indicator chemicals.

ES-3



Therefore, the analytical results are most conveniently discussed on a site-

by-site basis. Both organic and inorganic constituents exceeding EPA Maximum

Contaminant Levels (MCLs) for drinking water were detected in the East Area in

past sampling efforts.

Generally, detected contaminant concentrations in ground-water and

surface water samples collected in 1990 were lower than concentrations of the

same analytes detected in previous IRP studies. This trend may be the result

of normal variability or natural attenuation of these constituents in the

ground-water and surface water systems; however, it should be noted that the

weeks immediately preceding the Spring 1990 sampling event were characterized

by abnormally high precipitation (and flooding). The resultant increase in

infiltration and recharge may have had the effect of diluting contaminants,

resulting in lower concentrations of detected constituents. it is recommended

that remedial alternatives to be developed in the FS incorporate technologies

(i.e. , verification sampling, long-term monitoring) to resolve this uncertain-

ty.

No definable volatile organic or metals contaminant plumes were

identified in the Upper Zone ground water at Landfill 1 (Site LFO1). Although

several volatile organic compounds were detected in past sampling efforts, and

in ground-water samples collected most recently in 1990, all concentrations

have been below MCLs. Further, the occurrence of detectable concentrations of

volatile organic compounds is sporadic, and therefore inconsistent with the

existence of a coherent plume. No metals were detected in concentrations

above MCLs in any ground-water or surface water samples collected in 1990.

Therefore, the previously interpreted metals contamination is not supported by

the most recent data.

IRP activities conducted at Site SD13 (Unnamed Stream and Aban-

doned Gasoline Station) in 1985 revealed high levels of organic compounds in

ground water, probably originating from petroleum hydrocarbons. However,

based on the 1990 volatile organic compounds analytical results, the abandoned

gasoline station does not appear to be contributing appreciable organic

contamination to the shallow ground-water system. No metals were detected

above MCLs in the shallow ground water at Site SD13. Any contaminants in the
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ground water would be expected to move hydraulically downgradient, eventually

entering either the oil/water separator and the Unnamed Stream or Farmers

Branch itself, where the initially low ground-water concentrations would be

further diluted. Still more dilution of contaminants would result as Farmers

Branch flows into the West Fork of the Trinity River less than one-half mile

from Site SD13. Any VOCs entering Farmers Branch and the Trinity River would

be subject to volatilization to the air.

No volatile organic compounds were detected above MCLs in the

surface water samples from Site SD13. The results of the laboratory analysis

for inorganic constituents suggest that metals in the Unnamed Stream are

preferentially adsorbed to sediments rather than remaining dissolved in the

surface water. Total arsenic and total lead were detected above MCLs in at

least one surface water sample. Selenium in one sample was the only metal

reported above the MCL in any dissolved metals analysis. This concentration

was determined to be a reporting error and was actually below the detection

limit. As evidenced by the lower dissolved and total concentrations of

arsenic and lead in the downstream water samples, the metals apparently tend

to accumulate in the stream bed sediments. Iron oxides, observed coating

bottom sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggest that precipitation of metals is active. As long as the source of

these metals persists, the metals will continue to accumulate in the sediments

in the upper reaches of the stream.

Benzene, ethylbenzene, chlorobenzene, toluene, and total xylenes

were detected in the ground water at Site ST14 (POL Tank Farm). Of these,

ethylbenzene was the most common. However, benzene was the only volatile

organic compound detected at a concentration which exceeded its MCL. Figure

ES-2 depicts the probable extent of benzene contamination at Site ST14,

interpreted from the 1990 analytical data and the distribution of soil gas

determined in an earlier survey (Radian, 1989). Two separate accumulations of

benzene are suggested. These plumes are roughly coincident with the two

plumes interpreted earlier. Monitor well ST14-17M, located at the center of

the benzene plume beneath the fuel loading facility, had the highest con-

centration of benzene, and the only concentration in excess of the MCL. Over
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Figure ES-2. Probable Extent of Benzene Contamination (Spring 1990),
Site ST14, Carswell AFB, Texas
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2 feet of free product was encountered at ST14-17M during the 1990 sampling

event. The highest concentrations of chlorobenzene, toluene, and total

xylenes were also detected in this well.

Chromium was detected above its MCL in only one well at Site ST14,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, but only one

analysis was for dissolved metals. The single dissolved lead occurrence above

the MCL does not suggest significant ground-water contamination.

Both volatile organic compounds and metals were detected at Site

BSS (Base Service Station). In the previous Stage 2 investigation (Radian,

1989), volatile organic compounds were detected primarily in ground-water

samples from monitor well BSS-B. In samples collected during the Spring 1990

sampling event, volatile organic compounds were detected only in this well.

Because of the apparent localized nature of the volatile organic con-

taniination, the underground storage tank adjacent to monitor well BSS-B is

interpreted as the source of the observed contamination.

In the 1990 sampling event, cadmium was detected above the MCL in

monitor well BSS-C in the total metals analysis. Cadmium was not detected in

any other well, or in the filtered sample (dissolved metal fraction) from the

same well. Therefore, ground-water contamination at the site is interpreted

to be limited to volatile organic compounds.

Baseline risk assessments incorporating the 1990 analytical

results were performed for the East Area sites included in the 1990 effort.

Indicator chemicals, contaminant release, transport and fate mechanisms, and

potential receptors and exposure pathways, specific to each of the East Area

sites were identified and evaluated. All of the East Area sites were deter-

mined to pose no significant human health threat, based on evaluation of

carcinogenic and noncarcinogenic (chronic) risks. In all cases, noncar-

cinogenic risks were too low to merit quantification. Environmental

(terrestrial wildlife and aquatic organisms) risks were concluded to be

minimal.
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Using all available information generated in the IRP, the East

Area sites were evaluated using the Defense Priority Model (DPM). The East

Area sites (and the combined IRP sites in the Flightline Area) received the

following scores and ranks:

Rank Site Score

1 Unnamed Stream (SD13) 20,760

2 Flightline Area (LFO4, LFO5, 19,381

WPO7, FTO9)

3 Landfill 1 (LFO1) 7,036

4 Base Service Station (BSS) 5,929

5 POL Tank Farm (ST14) 4,584

Based on a more detailed review of available data, Radian assigns a higher

priority to the POL Tank Farm and the Base Service Station, respectively, than

to Landfill 1. A Decision Document for Site BSS (Radian, 1990), describing on

a preliminary basis the recommended remedial alternative, has already been

prepared and provided to the Air Force.

Recommendations for addressing remaining data needs for design and

implementation of remedial actions are provided in Section 7. It is antic-

ipated that all of the required data can be obtained within the detailed

design phase of the selected remedial actions, and no additional separate

remedial investigation effort is proposed.
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1.0 INTRODUCTION

1.1 Purpose of Study

The purpose of this study was to supplement previously obtained

information to describe in detail the environmental conditions in the East

Area (Sites LFO1, SD13, ST14, and BSS) of Carswell AFB, Texas. The knowledge

of environmental conditions allows the evaluation of environmental impacts of

past and/or ongoing releases of wastes or waste constituents from these sites

so that remedial actions can be designed and implemented, if required.

Previous IRP studies documented environmental contamination as-

sociated with each of these East Area sites. Detectable concentrations of

several organic and inorganic constituents were found in surface water samples

and in soil and ground-water samples from the Upper Zone (referred to as the

Upper Zone and the uppermost aquifer, consisting of unconsolidated alluvial

deposits and fill, originally defined by Hargis and Montgomery, Inc., 1983).

However, the extent of the existing contamination was not completely defined,

and the additional Stage 2 activities reported in this document were recom-

mended by Radian and authorized by HSD/YAQ under Modification 05, USAF

Contract No. F336l5-87-D-4O23, Delivery Order No. 04.

In contrast to the Upper Zone ground-water contamination that

underlies the IRP sites in the Carswell AFB Flightline Area, contamination in

the East Area is considerably less extensive and can be directly correlated

with discrete point sources (i.e., the subject IRP sites of this inves-

tigation). Additional IRP RI/FS Stage 2 field and analytical efforts were

performed in the East Area between 5 March and 22 June 1990 to better define

the nature and extent of contamination associated with Sites LFO1, SD13, ST14,

and BSS. This report summarizes the current understanding of the hydrogeo-

logic setting and Upper Zone ground-water characteristics at these sites based

on all data compiled to date.

Two major field tasks were performed to fill existing data gaps.

Monitor wells were installed at Sites SD13 and ST14 to provide new or ad-
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ditional information concerning the extent of Upper Zone ground-water con-

tamination, the potentiometric surface configuration, and ground-water flow

directions. One additional round of ground-water samples was collected from

all newly installed and existing monitor wells, and four surface water samples

were collected from the Unnamed Stream at Site SD13. Ground-water and surface

water samples were analyzed for waste-specific indicators for each site.

Metals analyses were performed on both filtered and unfiltered samples to

determine the dissolved metals contribution to the total metals con-

centrations.

1.2 East Area Site Descriptions

Carswell AFB is located approximately six miles west of the center

of Fort Worth in Tarrant County, Texas (Figure 1-1). This report focuses on

four of the previously investigated IRP sites located in the East Area of the

base (Figure 1-2).

The East Area includes six discrete sites that were identified as

potential sources of contaminants in previous IRP studies (Figure 1-3). They

are:

• Site LFO1 (previously Site 1) - Landfill 1;

• Site SD1O (previously Site 13) - Flightline Drainage Ditch;

• Site 0T12 (previously Site 15) - Entomology Dry Well;

• Site 5D13 (previously Site 16) - Unnamed Stream and Abandoned

Gasoline Station;

• Site ST14 (previously Site 17) - POL Tank Farm; and

• Site BSS - Base Service Station.
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Data obtained in the earlier IRP investigations were sufficient to prepare a

Decision Document identifying the reconiniended remedial action for Site SD1O;

and for Carswell AFB personnel to take over additional site characterization

activities (soil sampling and analysis) prior to planned construction at Site

0T12. Additional Stage 2 activities were undertaken at Sites LFO1, SD13,

ST14, and BSS only. In the following subsections, these sites are described

in terms of their physical features and historical uses. The descriptions of

these sites and the wastes reportedly disposed of or released from each are

taken mainly from the Phase I Records Search (CH2M Hill, 1984).

1.2.1 Site LFO1 - Landfill 1

Landfill 1 is, reportedly, the original base landfill and was oper-

ated during the 1940s. The site is located adjacent to the Trinity River

levee at the current location of the Defense Reutilization and Marketing

Office (DRNO) storage yard. Due to its age, no records were found concerning

past waste disposal practices. However, analytical data obtained in the IRP

studies suggest that solvent and metals-bearing wastes may have been among the

landfilled wastes.

1.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 consists of two areas: a paved lot near an abandoned

gasoline station located west of the former Entomology Dry Well (Site OTl2),

and the Unnamed Stream itself. The paved lot was investigated because past

operation of the abandoned gasoline station might have resulted in petroleum

products being released to the environment. The only remnant of the former

gasoline station is a concrete island where the pumps were situated. Surface

runoff from the paved lot is to the south and east. The Unnamed Stream is a

small tributary of Farmers Branch that emerges from an underground oil/water

separator (Facility 38). The stream and the separator are located south of

the new communications building (No. 1337) and immediately south of the fenced

civil engineering storage yard. The oil/water separator is connected to a

french underdrain system which was reportedly built in 1965 to intercept

hydrocarbon products leaking from the POL Tank Farm into sewer pipes. Unnamed
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Stream is perennial, receiving flow from ground water entering the french

drain and separator.

1.2.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located along Knights Lake Road, near the

Carswell AFB main gate. The site is occupied by two above ground fuel storage

tanks. Three additional tanks were formerly located at this site, but have

been dismantled. During the early l960s, fuel was discovered in the ground at

and downgradient of the site. A french drain system was installed in the

downgradient area to collect the released fuel. The french drain discharged

through the oil/water separator at Site SD13 (Section 1.2.2). At that time,

the leaking underground pipes were reportedly located and replaced. No other

fuel releases were reported after 1965, but the french drain system continues

to collect petroleum wastes, and free floating product was present in one site

monitor well during the 1990 IRP field effort.

1.2.4 Site BSS - Base Service Station

The Base Service Station is located on the northwest corner of

Rogner Drive and Jennings Drive. Gasoline is stored in four 10,000-gallon,

fiberglass reinforced plastic underground tanks located north of the pump

islands. Surface drainage from Site BSS flows to culverts adjacent to Rogner

Drive. The Base Service Station has been in operation for less than 20 years.

It was constructed to replace the service station which was formerly located

at Site SD13 (Section 1.2.2). The main contaminants identified with Site BSS

are petroleum fuel and fuel derivatives. A Decision Document for remediation

of this site was prepared (Radian, 1990), but collection and analysis of

another round of ground-water samples from existing site monitor wells was

authorized by the Air Force to supplement available data.

1.3 Summary of Previous East Area Investigations

Sites LFO1, SD13, and ST14 were included in two separate IRP Phase

II investigative efforts; the Stage 1 Preliminary Assessment (PA) and the

1-7



Stage 2 Site Inspection (SI). Site BSS, the Base Service Station, was not

identified in the IRP Records Search as a potential contaminant source and was

first investigated in the Stage 2 effort conducted by Radian in 1987-88 at the

request of the Air Force. The existence of environmental contaminants

associated with each of these sites was documented; however, additional

information to define or verify the extent of contamination, and the nature

and magnitude of contaminants at these sites was recommended. Radian per-

formed the second episode of Stage 2 activities in March through June, 1990.

The East Area is located on land that gently slopes eastward to the

West Fork of the Trinity River and southward to Farmers Branch. Surface

elevations range from 595 feet above mean sea level (MSL) west of the POL Tank

Farm (Site ST14) to 560 feet MSL on the flood plain above the Trinity River.

No abrupt elevation changes occur within this area except close to the Trinity

River and Farmers Branch.

In general, the geologic settings of the Flightline Area and the

East Area are similar. The geology of the East Area consists of a thin veneer

of alluvial material (Upper Zone) overlying the Goodland Limestone and Walnut

Formation. The alluvium consists of clay, sand, and gravel. The Goodland and

Walnut Formations contain fresh and weathered limestone, and shale. Together

these units form a basal confining unit to the Upper Zone. No wells were

drilled in the East Area that penetrated through the Goodland/Walnut For-

mations to the underlying Paluxy Formation.

The Upper Zone in the East Area generally consists of 5 to 15 feet

of gray to black clay overlying 2 to 10 feet of fine-grained sand and up to 5

feet of gravel. The shallowest bedrock, the Goodland Formation, is usually

encountered from 7 to 20 feet below ground level (bgl) in the East Area. In

general, the depth to the Goodland decreases as the Trinity River is ap-

proached.

Upper Zone ground water in the East Area generally occurs at depths

ranging from 7 to 23 feet bgl. Upper Zone ground-water flow is either east,

toward the Trinity River, or south, toward Farmers Branch. The local direc-
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tion of ground-water flow in the Upper Zone is apparently controlled by the

elevation of the upper surface of the Goodland Limestone. This observation is

consistent with the finding from the Flightline Area, where ground water in

the Upper Zone also flows along the top of the Goodland Limestone. No

information on the nature of the Paluxy Aquifer in the East Area is available

because drilling activities in this area were confined to the Upper Zone.

The following paragraphs summarize, on a site-by-site basis, the

major findings of activities previously performed throughout the IRP relative

to the nature and extent of contamination at Sites LFO1, SD13, ST14, and ASS.

All field and analytical data from preceding investigations are contained in

the Phase I Records Search (CH2M Hill, 1984), Phase II Stage 1 report (Radian,

1986), and Final Draft Phase II Stage 2 RI/FS report (Radian, 1989).

1.3.1 Site LFO1 - Landfill 1

Landfill 1 is located on a gently sloping terrace immediately west

of the West Fork of the Trinity River. Surface elevations range from ap-

proximately 567 feet above mean sea level (MSL) near the west boundary of the

DRNO yard to 560 feet MSL on the levee above the river.

Prior to the current study, six Upper Zone monitor wells (four in

Stage 1 and two in Stage 2) were installed at Site LFO1 (Figure 1-4).

Electromagnetic profiling and an earth resistivity survey (vertical electrical

soundings) were also performed during Stage 1. The Upper Zone deposits

encountered during drilling were somewhat different than those encountered

elsewhere in the East Area. The material beneath Site LFO1 consists entirely

of fill, clay, and sandy clay. The sand and gravel layers penetrated in other

East Area wells and borings are absent beneath the DRNO. The large amount of

fill material (asphalt, concrete, tar, wood chips) encountered beneath the

DRMO indicates that the area has been extensively modified by human activ-

ities.
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Figure 1-4. Location of Previously
Carswell AFB, Texas
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The surface of the underlying Goodland Limestone dips relatively

steeply to the east beneath the site, reflecting channel cutting and erosion

of the limestone by the West Fork of the Trinity River. The land surface

elevation does not dip eastward as steeply as the limestone; therefore, the

thicknesses of alluvium in the easternmost wells (LFO1-1E and LFO1-1F) are

greater than in other wells in the East Area.

The depth to Upper Zone ground water at Site LFO1 ranges from about

5 feet at the upgradient location to about 20 feet bgl at the downgradient

locations. The Upper Zone water table tends to reflect the surface of the

Goodland Limestone because the ground water in the Upper Zone is confined

below by the Goodland Formation. Ground-water flow beneath the site is

eastward to northeastward, toward the West Fork of the Trinity River. An

average seepage velocity of approximately 0.6 feet per day was calculated from

slug test results of site wells.

Soil analytical results provided no evidence of waste material or

contamination by waste constituents. Very low levels of volatile organic

compounds (TCE, vinyl chloride) were detected in some ground-water samples.

However, their sporadic occurrence and low concentrations did not suggest the

existence of a defined ground-water contaminant plume.

Metals were detected in concentrations above their MCLs in some

unfiltered ground-water samples. However, no dissolved metals analyses were

performed prior to 1990. Total metals concentrations generally increased in

downgradient wells, suggesting the former landfill was their source.

1.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located to the south and west of Site 0T12. It is

divided into two parts: the Unnamed Stream from the oil/water separator to

Farmers Branch, and the paved lot in the vicinity of an abandoned gasoline

station near Site OTl2. The Stage 1 investigations near the Unnamed Stream

consisted of the collection of soil samples from three hand-augered borings

and of water samples from the oil/water separator and a point near the
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confluence of the Unnamed Stream and Farmers Branch. Investigations in the

paved lot included a geophysical survey and drilling of three soil borings

from each of which grab samples of ground water were collected and analyzed.

The Stage 2 investigation required collection of surface water samples from

the Unnamed Stream at four locations (Figure 1-5) that were resampled in the

1990 study.

Site SD13 is underlain by clay, sand, and gravel of alluvial origin

that rests on the southerly dipping surface of the Goodland Limestone. The

sand and gravel beneath the site are apparently laterally continuous, pro-

viding a permeable pathway for the movement of Upper Zone ground water on top

of the relatively impermeable limestone. Ground-water levels were estimated

during drilling of the Stage 1 soil borings at depths ranging from about 7 to

10 feet bgl, corresponding to elevations of approximately 558 to 560 feet MSL.

Based on these observations, ground-water flow is southward toward Farmers

Branch.

Past total metals concentrations detected in the surface water

samples from Site SD13 appeared to be related to discharge from the oil/water

separator. Metals were detected in the water sample collected from the

separator and in the soils downstream from the separator. However, the

analytical results provided little evidence of significant metals con-

tamination of surface water in Unnamed Stream. The adsorption of metals onto

the sediments of the Unnamed Stream is apparently an effective mechanism for

removing the metals from the stream water. The concentration distribution of

total metals detected in the surface water was consistent with the tendency

for metals to sorb onto sediments.

Surface water samples from Unnamed Stream contained benzene and

toluene, apparently derived from waste fuels. Concentrations of these

contaminants decreased with increasing distance downstream, probably due to

volatilization. On this basis it was concluded that natural seepage, if any,

entering the stream did not contribute significant contaminants and therefore

the oil/water separator is the primary source of the surface water con-

tamination.
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Grab samples of ground water collected in Stage 1 contained detec-

table concentrations of volatile aromatic compounds, probably derived from

fuels. Given the conditions near the site, the contaminants were interpreted

to be from one or both of the following sources: 1) a spill at the former

gasoline station or leakage from buried tanks associated with the station; or

2) leakage from the POL Tank Farm.

1.3.3 Site ST14 - POL Tank Farm

The land surface at Site ST14 is relatively flat, ranging from

about 580 to 572 feet MSL, west to east. Surface drainage is to the east-

southeast, with some drainage into the concrete-lined portion of the Flight-

line Drainage Ditch (Site SD1O).

Prior to the current study, eight soil borings were drilled in and

around the site in Stage 1. In Stage 2, five Upper Zone monitor wells were

installed and a soil gas survey was performed (Figure 1-6).

Drilling on site indicated that the Upper Zone in the POL Tank Farm

area typically consists of approximately 10 feet of gray to tan clay, under-

lain by five to 10 feet of sand and gravel. Limonite staining, pebbles and

freshwater gastropod shells are common in the clay. The clay also frequently

had a hydrocarbon odor during drilling. The sand is gray, tan to brown, or

pink in color, and is generally fine-grained. Gravel ranges from pea size to

pebbles over an inch in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm

ranges from 16 to over 20 feet bgl. Where the elevation of the limestone is

known, it forms a fairly uniform, gently southwesterly-dipping, surface at

approximately 555 feet to 556 feet MSL.
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Figure 1-6. Location of Stage 2 Monitor Wells and Soil Gas Sampling Points,
Site ST14 - POL Tank Farm, Carswell AFB, Texas
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The depth to Upper Zone ground water at the site varies from

approximately 9.5 feet to 16 feet bgl, with corresponding elevations of 560 to

571 feet MSL. The ground-water surface slopes to the southeast, toward

Farmers Branch, and the average ground-water flow velocity, calculated from

slug test results is approximately 0.2 feet per day. Ground water in the

Upper Zone occurs under unconfined conditions.

The results of the soil gas survey conducted at the POL Tank Farm

and the pipeline/truck loading area east of the tanks during Stage 2 indicated

that two areas are underlain by hydrocarbon vapor plumes (Figure 1-7). The

largest plume encompassed an area approximately 100 feet wide and 300 feet

long underlying the vicinity of Tanks 1156 and 1157. A smaller plume was

present beneath the pipeline/truck terminal area.

Soil analytical results indicated that petroleum hydrocarbons are

the principal contaminant of concern. The distribution of hydrocarbon

contamination in soil resembled the occurrence of ground-water contaminants.

Drilling in the unsaturated portion of the Upper Zone deposits generally did

not yield materials with visible contamination, suggesting localized sources

of contamination and migration of contamination to the ground water.

Ground-water contaminants, principally volatile aromatic compounds

associated with petroleum products, occurred in two areas at Site ST14 that

partially correlated with the two soil vapor plumes. The extent of the

easternmost ground-water plume was not well defined.

1.3.4 Site BSS - Base Service Station

The Base Service Station is located on a gently sloping terrace on

the west side of the West Fork of the Trinity River. Elevations range from

approximately 567 feet MSL near the Base Service Station to 560 feet MSL just

east of the site. All previous work performed at Site BSS was accomplished

during Stage 2 and consisted of a soil gas survey, installation of three Upper

Zone monitor wells, and soil sampling from one soil boring.
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Figure 1-7. Probable Areas of Soil Gas Plumes (ppm > 1000) at Site ST14

(POL Tank Farm), Carswell AFB, Texas (December 1987)
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The Upper Zone deposits encountered during drilling at the BSS site

are characteristic of the East Area in general. Bedrock was encountered

between depths of 6 to 12 feet bgl in all boreholes. The typical Upper Zone

sequence consists of 3 to 9 feet of clay and silt, underlain by a thin layer

of sand with minor gravel. Under the sand and gravel is the limestone of the

Goodland Formation. The shallow depth of the Goodland is consistent with the

overall geologic setting of the East Area. The surface of the Goodland

Limestone dips to the east beneath the site, with the dip of the bedrock being

slightly greater than the slope of the land surface.

The depth to water at the BSS site ranges from about 5 feet to just

over 11 feet bgl. The water table in the Upper Zone slopes to the east. The

ground-water gradient is fairly consistent with the slope of the underlying

bedrock surface. Ground-water flow is toward the West Fork of the Trinity

River.

Based on the results of the soil gas survey, two areas were under-

lain by hydrocarbon vapor plumes (Figure 1-8). The results showed that soil

vapor plumes were present just north of the station, extending from the

underground storage tanks to east of Rogner Drive, and also at the southern

end of the station. The largest plume encompassed an area approximately 100

feet wide and 200 feet long. The smaller plume at the south end of the

station was roughly 75 feet in diameter.

Contaminants detected in soils were petroleum hydrocarbons and a

variety of volatile organic compounds. However, the extent of soil con-

tamination appeared to be localized around boreholes BSS-A and BSS-B and no

off-site soil contamination was detected.

Ground-water contaminants were principally volatile aromatic com-

pounds associated with petroleum products and occurred mostly at well BSS-B,

located in close proximity to the underground storage tanks.
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Soil gas results and ground-water results correlated well for the

northernmost vapor plume, but there was a poor correlation for the vapor plume

that was centered on monitor well BSS-A. Although a soil gas plume was

detected at BSS-A, concentrations of organic contaminants in ground water were

low enough to be attributable to cross-contamination alone. Therefore, the

extent of ground-water contamination appeared to be localized around monitor

well BSS-B.

1.4 Report Organization

Following this Introduction, the field activities performed to

characterize the East Area sites are presented in Section 2. The techniques

and methodologies used to accomplish the field program for the comprehensive

Phase II scope of work are described in detail. Section 3 presents a gener-

alized description of the physical environmental setting of the East Area

based on interpretation of data from the current investigation and from

previous studies. As appropriate, notable site-specific features are also

described. The nature and extent of surface water and ground-water con-

tamination, determined from the most recent round of sampling and analysis

(May-June 1990) are discussed by site in Section 4, and Section 5 addresses

contaminant fate and transport. Section 6 outlines the risks to human health

and the environment associated with exposure to the contaminants present in

the East Area, and presents the Defense Priority Model (DPM) site ranking

results. Section 7 summarizes the major findings of the RI and presents the

conclusions regarding data limitations and recommendations for additional

activities.
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2.0 FIELD TECHNIQUES AND ANALYTICAL METHODS

Numerous field techniques and analytical methods were used to

characterize environmental conditions in the East Area of Carswell AFB during

the Phase II IRP effort. The following subsections describe the techniques

for drilling and soil sampling (including analytical methods, holding times,

and collection and preservation requirements), the methods for conducting

geophysical surveys, the methods and specifications for well construction and

development, the techniques for collecting water samples (including analytical

methods, holding times, and collection and preservation requirements), the

single well aquifer (slug) test method used to estimate aquifer properties,

and surveying requirements.

2.1 Drilling and Soil Sampling

All drilling in the East Area of Carswell AFB was accomplished

using the hollow-stem auger (HSA) method. The HSA drilling technique was

selected based on the shallow anticipated depth of completion, and the

expected geologic conditions. After each borehole was completed, the drilling

rig, auger flights, and equipment were decontaminated with a high temperature,

high pressure steam-sprayer using base potable water. Cuttings suspected of

being contaminated on the basis of visual evidence and organic vapor analyzer

(OVA) or photoionization detector (HNu) readings were placed in steel 55-

gallon drums. Selected samples of cuttings were collected and submitted for

analysis of EP Toxicity.

A Mobile Drill B-61 or a CME-75 hollow-stem auger drilling rig was

used to perform shallow soil borings and installation of the Upper Zone

monitor wells. The hollow-stem auger method allows for recovery of relatively

undisturbed subsurface soil cores, determination of subsurface lithologies and

structures, and accurate identification of the position of the water table.

The boreholes were drilled dry; no drilling fluids or additives were used.

Samples of soil were collected with either a split-spoon sampler, a thin-wall

sampler (Shelby tube), or a CME 5-foot continuous core sampler.
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The soil samples were described in terms of lithology, moisture

content and any evidence of contamination. Lithologic logs of boreholes

drilled during the most recent (1990) field activities are provided in

Appendix A. Photographs of selected soil cores showing lithologic charac-

teristics were also taken.

Selected samples were shipped on ice to Radian's laboratory for

chemical analysis. Analytical parameters for soil samples are listed in Table

2-1. No soil samples were collected for chemical analysis in the Stage 2

effort performed in 1990.

2.2 Geophysical Surveys

Geophysical surveys were performed to define the vertical and

lateral extent of waste-disposal activities, to provide a preliminary assess-

ment of the subsurface conditions around the sites, and to investigate the

potential existence of buried objects at several locations. All geophysical

tasks at the East Area sites were performed during Phase II Stage 1.

All survey grids were laid out using a compass and measuring chain.

Stations were marked with labelled pin flags or spray paint. The geophysical

techniques employed in the East Area characterization efforts were earth

resistivity (Site LFO1), magnetic and magnetic gradient (Site SD13), and fixed

frequency electromagnetic profiling (EM?) conductivity (Site LFO1). The Earth

Technology Corporation of Golden, Colorado performed the geophysical surveys.

Following are brief descriptions of the various geophysical techniques used to

characterize the East Area sites included in this report.

2.2.1 Electrical Resistivity

Earth resistivity was measured by direct current Schiumberger

soundings (vertical electrical soundings - VES) at Site LFO1 (Landfill 1).

The Bison Model 2350 Earth Resistivity meter was utilized for the VES measure-

ments. Current electrode separations used were (in meters): 1, 2, 3, 4, 6,
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10, 14, 20, 30, 40, and 50 (1 meter equals 3.28 feet). The sounding data were

processed using the ABEM VES iteration process to obtain a best fit curve and

were plotted logarithmically as resistivity in ohm-meters versus half the

current electrode separation in meters. The plot also includes the layered

earth model giving the best match. At most VES sites, orthogonal electrode

arrays were used to test for distortions of the data due to lateral inhomoge-

neities in the ground.

2.2.2 Electromagnetic Surveys

An electromagnetic profiling (EMP) survey was conducted at Site

LFO1 (Landfill 1) using two devices: the Geonics EM31 and the Geonics EM34-3

ground conductivity sensors. Both ground conductivity sensors are designed

for rapidly obtaining data over large areas. The meters employ magnetic

dipoles or magnetic induction loops for transmission and reception of low

frequency electromagnetic waves. The effective depth of investigation of the

EM31 is six meters; the depth of investigation provided by the EM34-3 depends

on the coil separation and orientation, applied frequency, and to some extent,

the conductivity profile of the subsurface. The techniques and conditions at

Carswell AFB resulted in an effective investigation depth of 15 meters (50

feet) with the EM34-3. The resulting data were reported in units of

millimhos/meter.

2.2.3 Magnetometer Surveys

The magnetometer survey at Site SD13 was accomplished using an EDA

PPM500 proton magnetometer. The magnetometer survey was performed because the

overburden at Carswell has a low magnetic susceptibility and buried metallic

objects would create a noticeable magnetic anomaly. Readings of the total

field and magnetic gradient were taken at each location. The units for these

readings are gammas and gammas per one-half meter (1.64 feet), respectively.

The magnetometer survey of Site SD13 was performed to determine the locations

of buried tanks reportedly existing at the site in the vicinity of the former

base service station.
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2.3 Monitor Well Construction and Development

During the Phase II activities in the East Area, a total of 22

Upper Zone monitor wells were installed. The construction specifications and

well development procedures are described in the following sections.

2.3.1 Monitor Well Construction

Upper Zone monitor wells were installed either immediately after

completion of the drilling operations or after the borehole produced enough

water to warrant a well. Construction specifications for the Upper Zone

monitor wells are presented in Table 2-2. Well completion summaries for East

Area monitor wells completed in the most recent (1990) investigation are

provided in Appendix R. Construction methods were generally consistent with

the specifications provided in the SOW. Any changes necessitated by unan-

ticipated field conditions were made with the knowledge and approval of the

HSD/YAQ Technical Program Manager. Decisions regarding the setting of the

screen and casing, length of screen, amount of sand pack and bentonite were

made in the field by the Radian Supervising Geologist based on the static

water level and saturated thickness of Upper Zone sediments. Monitor wells

were installed using the following procedures:

1. Prior to installation, the casing and screen sections were

thoroughly washed using a high temperature, high-pressure

steam sprayer, with base potable water.

2. Screen and casing sections were assembled, then lowered care-

fully into the borehole. As the string of screen and casing

was lowered, additional sections of casing were added until

the bottom of the screen reached the bottom of the borehole.

The top of the casing was capped to prevent any completion

materials (sand, bentonite pellets, and grout) from entering

the casing during well construction activities.
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TABLE 2-2. UPPER ZONE MONITOR WELL CONSTRUCTION SPECIFICATIONS,
EAST AREA, CARSWELL AFB, TEXAS

1. Casing: Two-inch diameter, threaded and flush jointed, Schedule 40 PVC.

2. Screen: Two-inch diameter, threaded and flush-jointed factory-slotted,
Schedule 40 PVC, 0.020 inch slot. Normal screen length is 10 feet.

3. Sand/gravel pack: Washed and bagged, rounded sand/gravel with grain
size compatible with screen slot and formation (Coarse, No. 8-20). A
sand pack was placed from the bottom of the borehole to two to five feet
above the top of the well screen. Sand was placed at a controlled rate
to avoid bridging within the auger.

4. Bentonite seal: Two feet (minimum) of pelletized bentonite placed above
the sand pack.

5. Grout: Type II Portland cement grout poured into the annular space from
the top of the bentonite seal to land surface. A grout mixture
consisting of approximately four pounds of bentonite to 94 pounds of
cement was used. The grout was allowed to set for at least 24 hours
before any well development activities.

6. Surface completion: PVC casing cut off to provide a 2- to 3-foot
stickup with a solid cap placed on the casing. A 4- to 6-inch square
steel well protector, four to five feet in length, was placed over the
exposed PVC casing, and seated in cement and surrounded by a concrete
pad. A locking cap is incorporated in the well cover. Steel guard
posts were installed as described in (8) below. The steel well
protector and steel guard posts were painted for corrosion control and

visibility.

7. Alternate flush completion: PVC casing cut off two to three inches
below land surface, with a cast-iron valve box cemented in place. To
prevent any surface water infiltration, the valve box is slightly
elevated above land surface and the surrounding concrete is sloped away
from the well. The lid to the valve box is secured with allen bolts.
Most wells located on the heavy traffic areas of the Carswell AFB golf
course were completed flush with the land surface.

8. Guard pipes or posts: Three 3-inch diameter steel posts, six feet in
length, with a minimum of two feet below ground, installed radially four
feet from the welihead (not emplaced for flush surface completion).
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3. Clean silica sand (Coarse, No. 8-20) was poured carefully

inside the annular space as the augers were slowly withdrawn

from the borehole. The sand pack was regularly measured by

the supervising geologist until the level of the sand was at

least 2 feet above the top of the screen. Bentonite pellets

were placed above the sand to form a 2-foot thick seal (mm-

imuin). If necessary, water bailed from the borehole was

poured down the annular space to hydrate the bentonite.

4. Neat cement grout containing approximately four percent ben-

tonite was either emplaced through the augers as they were

withdrawn, or slowly poured down the borehole, if the for-

mation was sufficiently consolidated to remain open.

5. After completion of grouting, the casing was cut two to three

feet above land surface and a protective 4- to 6-inch diameter

steel casing protector with a lockable lid was cemented into

place and surrounded by a concrete pad. Three steel guard

posts were then placed around the well. If above-ground

stickups were of concern in an area, the well was completed

flush with the land surface. For flush completions, the lid

to the valve box was secured with allen bolts.

After all wells were completed, well locations and elevations were

professionally surveyed. Table 2-3 presents the elevations of the ground

surface, the wellhead, and the screened interval of the Upper Zone monitor

wells in the East Area.

2.3.2 Well Development

After allowing the cement grout to set-up for a minimum of 24

hours, monitor wells were developed by either bailing using a bottom-entry

bailer or pumping with a Triloc® hand pump (1.7-inch diameter).
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Water levels in some of the monitor wells recovered slowly and the

wells were bailed dry several times. Other wells produced sufficient water

and were developed in a single effort, without a recovery period. Development

was considered complete when the water in the well was free of sediment to the

greatest extent possible. The pH, temperature, and conductivity of the

development discharge water were measured and recorded at frequent intervals.

The ground water removed from the wells was placed in steel 55-gallon drums,

sealed and appropriately labeled, based on field observations. Well develop-

ment logs for the monitor wells installed in the East Area in 1990 are

provided in Appendix C.

2.4 Water Sampling

Both ground-water arid surface water samples were collected from the

East Area. The following subsections describe the sampling techniques and

methodologies for the various water samples collected during IRP Phase II

investigations. Ground-Water and Surface Water Quality Sampling Records for

the most recent (1990) round of Stage 2 sampling, including measurements of

pH, conductivity, and temperature; and information such as volumes of water

purged prior to sampling are provided in Appendix D.

2.4.1 Surface Water Sampling

Surface water grab samples were collected directly in clean sample

containers to minimize sample handling (and possible cross-contamination).

The samples were collected approximately six inches below the water surface,

or half-way between the water surface and the bed of the stream if the stream

was not six inches deep. During the 1990 field activities, surface water

samples were collected from the East Area at four previously sampled locations

on Unnamed Stream (Site SD13) Additionally, estimates of flow volume were

made at each surface water sample location at the time of sample collection.

Specific conductance, pH and temperature were measured on an

aliquot of each sample. Specific conductance and pH were measured with a

DSPH-1 meter and the temperature was taken with a mercury thermometer.
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Alkalinity measurements were made in the field using a Hach Alkalinity Test

Kit (Model AL-DT) and digital titrator. Prior to obtaining the field measure-

ments, the pH meter was calibrated with pH 4, 7, and 10 standard solutions and

the conductivity meter was calibrated using either a 1413 or a 1504 umhos/cm

KC1 conductivity standard solution.

2.4.2 Ground-Water Sampling

Prior to sample collection, water levels were measured in each of

the monitor wells with an Olympic Actat water level meter, and were recorded

in a field notebook or on appropriate IRPIMS data collection forms. Measure-

ments were taken from the surveyed mark point at the top of the casing, and

read to the nearest 0.01-foot. Between measurements, the probe and associated

electrical line were washed with laboratory grade detergent, rinsed with

potable water, and then rinsed with deionized water to reduce the possibility

of cross-contamination.

Before samples were collected, a minimum of three well volumes of

water were bailed from the well using a bottom-entry Teflon bailer attached

to a nylon monofilament line. This procedure ensured that representative

formation water was collected. Purged water was placed in 55-gallon drums for

final disposal pending the outcome of chemical analyses (provided to the Base

Environmental Coordinator). Between wells, all equipment used for bailing

operations was cleaned with laboratory grade detergent (Alconox), rinsed with

potable water, ASTM Type II Reagent Water (or approved equivalent), pesticide-

grade methanol, and finally pesticide-grade hexane. The equipment was allowed

to air dry completely before reuse. The nylon line was replaced between

wells.

Specific conductance, pH, temperature, and alkalinity were deter-

mined as described for surface water. On a few occasions, field measurements

could not be made due to instrument malfunction.

After each well was purged of the required volume of water, ground-

water samples were collected using a Teflon bailer. After collection,
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samples were placed into prelabeled sample bottles and preserved according to

the requirements listed in Table 2-4. Ground-water samples for dissolved

metals were filtered in the field. Samples were placed in ice chests with ice

and were shipped for overnight delivery to Radian's laboratories in Sacramen-

to, California, or Austin, Texas; or were hand delivered to the laboratory in

Austin. To ensure that sample integrity was maintained during shipping and

handling, custody seals were affixed to each ice chest and chain-of-custody

forms were completed and transmitted with the samples to each laboratory.

2.5 Aquifer Testing

Single-well in Situ permeability aquifer tests (i.e., slug tests)

were performed on selected wells to determine the hydraulic properties of the

Upper Zone Aquifer in the East Area. Following is a discussion of the slug

test method.

2.5.1 Slug Tests

Slug tests were performed in six monitor wells (LFO1-1D, LFO1-1F,

ST14-17J, ST14-17K, ST14-17L, and ST14-17M) in the East Area, and results were

used to calculate the hydraulic conductivity of the Upper Zone Aquifer. The

wells selected for slug testing represent a range of hydrogeologic conditions.

The slug test evaluates the response of water levels in a well when

a "slug" (known volume) of water is instantaneously removed or added.

Typically, the response of the water level in a moderately permeable for-

mation, such as the Upper Zone at Carswell AFB, is quite rapid. By deter-

mining the behavior of the water level in the well in response to the stress

of the slug, the hydraulic conductivity of the aquifer material directly

adjacent to the well screen can be calculated. To perform these calculations,

the geometry of the well, aquifer boundary conditions, and initial water level

must be known. The hydraulic conductivities were calculated using the method

developed by Bouwer and Rice (1976).
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The first step of the slug test was to measure the static water

level in the well. Next, a known volume of water was removed by bailing and

segregated for use as the slug. After the desired volume of water was removed

from the well, a pressure transducer and attached cable were lowered into the

well and suspended at a point just above the bottom of the well screen. The

pressure transducer was connected to an In-Situ, Inc. Hermit l000B automatic

data logger, capable of measuring and recording pressure changes on a log-

arithmic frequency, beginning every 0.2 seconds in the first few seconds of

the test. Before introducing the slug, the water level in the well was

allowed to return to static conditions. Then, as the slug was rapidly poured

in the well, the data recorder was activated to measure the response of the

water level. At least two slug tests were performed on each well tested to

determine the reproducibility of the results.

2.6 Surveying

Land surveying activities were conducted by Brittain & Crawford,

Inc., Registered Land Surveyors, of Fort Worth, Texas. These activities

consisted of measurements of the horizontal location of wells, boreholes,

hand-auger holes, and surface water sampling locations in terms of State Plane

Coordinates; and of measurements of reference point elevations to an accuracy

of 0.01 foot. The survey was conducted to an accuracy needed for a second

order survey. All of the data were provided as values posted on a map, and in

tabular form (Appendix E).

2-15



(This page intentionally left blank.)

2—16



3.0 PHYSICAL CHARACTERISTICS OF THE EAST AREA

This section describes the physical characteristics of the East Area

with respect to local surface features, surface water bodies, geology, and

ground-water occurrence. The primary basis of this characterization is

interpretation of field and laboratory data obtained from the Installation

Restoration Program (IRP) at Carswell AFB, Texas. Radian maintains a database

containing all environmental data from the East Area developed during the

Phase II Stage 2 field program at Carswell AFB. The data are managed using

the U.S. Air Force required Installation Restoration Program Information

Management System (IRPIMS) format.

Topography and Surface Features

The East Area is located on land that gently slopes eastward to the

West Fork of the Trinity River and southward to Farmers Branch. Elevations

range from 595 feet MSL west of the POL Tank Form (Site ST14) to 560 feet MSL

on the flood plain above the Trinity River and Farmers Branch. Figure 3-1

shows the location of the various surface features associated with the East

Area, including the location of the four sites where additional field ac-

tivities were conducted in 1990.

The Soils Conservation Service (SCS) has identified three soil

associations in the East Area of Carswell AFE (USDA, 1981). The clayey soils

of the Sanger-Purves-Slidell association occur in the western portion of the

East Area at Site ST14. Approaching the Trinity River, the Bastsil-Silawa

loamy soils are prevalent in the nearly level to sloping stream terrace

sections found at Sites SD13 and the Base Service Station (Site BSS), while

the Frio-Trinity association of clayey soil occurs in the nearly level flood

plain environment in the easterrimost portion of Site LFO1. The permeability

of the surficial soils ranges from <4.2 x i0 to 3 x l0 cm/sec.
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Figure 3-1. Prominent Surface Features in East Area, Carswell AFB, Texas
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Surface Water

The main surface water bodies in the East Area are the West Fork of

the Trinity River, Farmers Branch, and the Unnamed Stream at Site SD13 (Figure

3-1). Surface drainage at Sites LFO1 and BSS is toward the Trinity River,

with drainage at Sites ST14 and SD13 being mainly toward Farmers Branch.

Water in the Unnamed Stream emerges from an oil/water separator.

Water enters the separator from a french drain which was installed to aid the

removal of fuels from the ground at the POL Tank Farm (Site ST14) and/or at

the abandoned gasoline station at Site SD13. Whatever the source, the Unnamed

Stream is a perennial stream feeding into Farmers Branch.

Four locations on the Unnamed Stream were sampled during the 1990

field activities. Orange-colored foam and a rusty film were noted on the

surface of the water at the time of sampling. Discharge from the Unnamed

Stream to Farmers Branch occurs through a 1-foot diameter concrete pipe. The

discharge rate of the stream to Farmers Branch was estimated at 0.2 cubic feet

per second (cfs) during the May 1990 water sampling.

Estimates of flow in Farmers Branch were made in April 1990 and

averaged 6.0 cfs. However, observed flow in Farmers Branch has been extremely

variable, with Spring 1990 flow estimates ranging from <5 to >100 cfs, the

highest flows being observed after a period of heavy rains. Farmers Branch

flows over limestone bedrock at Carswell AFB. Synoptic water-level measure-

ments in monitor wells and in Farmers Branch at a staff gauge located upstream

of the East Area suggest the stream is receiving ground-water inflow from the

adjacent alluvial terrace deposits.

Geology

The major elements of the shallow geologic setting at the East Area

are illustrated in a series of cross-sections. Figure 3-2 shows the cross-

section locations. Generally, the geology of the East Area (Figures 3-3

through 3-6) consists of a thin veneer of alluvial material (Upper Zone)
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overlying the Goodland Limestone. The alluvium consists of clay, sand, and

gravel. The Goodland Limestone contains fresh and weathered limestone, and

shale. No monitor wells were drilled in the East Area that penetrated through

the Coodland/Walnut Formations into the Paluxy Formation.

The Upper Zone in the East Area generally consists of 5 to 15 feet

of gray to black clay and clayey silt overlying 2 to 10 feet of fine-grained

sand and up to 5 feet of gravel. The clay is often sandy and occasionally

contains pebbles, freshwater gastropod shells, and gravel stringers. Limonite

stains occur in some clay beds. Two types of sand occur in the alluvium and

are distinguished on the basis of their color. One sand is tan and the other

is light gray or green, with the gray/green sand typically overlying the tan

sand. Both sands are predominantly fine-grained, though medium-grained sand

is a conimon subsidiary constituent. The gravel ranges from 1/8-inch to over

1-inch in diameter. Sand is a common accessory in gravel layers, and clay is

sometimes present.

The continuity of the permeable sand and gravel beds across the East

Area is shown on the geologic cross-sections (Figures 3-3 through 3-6). The

east-west dip oriented section A-A' (Figure 3-3) shows that an approximately

5-foot thick sand/gravel layer reaches from the POL Tank Farm to close to

Farmers Branch. The other dip oriented section, B-B' (Figure 3-4), shows the

sand/ gravel layer pinching out before it reaches the West Fork of the Trinity

River. The strike oriented section C-C' (Figure 3-5), also shows a continuous

sand/gravel layer in the subsurface east of the POL Tank Farm. At Site LFO1

the strike-oriented section D-D' (Figure 3-6) does not contain any sand and

gravel layers near the Trinity River.

The Goodland Formation in the East Area is usually encountered

between 7 and 20 feet, though it is deeper in some wells. In general, the

depth to the Goodland decreases as the Trinity River is approached (Figures

3-3 and 3-4). The exception to this trend occurs immediately adjacent to the

Trinity River, where the depths to the Goodland exceed 20 feet. The Goodland

in the East Area occurs as gray, hard limestone and as blue-gray, mottled

3-9



shale. A contour map of the elevation of the base of the Upper Zone is shown

in Figure 3-7. Most of the East Area occurs on a fairly level limestone

surface. However, the Goodland Formation is found at increasing depths within

400 feet of the Trinity River, as evidenced at Site LFO1 (Figure 3-6, Cross-

Section D-D'). In the southern part of the East Area, the top of the limes-

tone surface occurs at increasing depths in a southward direction, at a more

gentle slope, toward Farmers Branch. The observed slopes on the top of the

Goodland Formation are probably due to erosion of the Goodland by the respec-

tive streams.

Hydrogeology

Ground water was observed in the Upper Zone of the East Area during

drilling of soil borings and monitor wells. A synoptic water level survey was

conducted at Sites LFO1, ST14, SD13, and BSS on June 18, 1990. The depth to

ground water in the East Area ranged from 6 to 13.5 feet bgl. The elevation

of water in each well is shown in Table 3-1.

A potentiometric surface map for the Upper Zone of the East Area is

presented in Figure 3-8. The ground-water surface contour lines reveal

decreasing hydraulic heads from west to east, indicating ground-water flow

toward the Trinity River. The direction of ground-water flow in the Upper

Zone is apparently controlled principally by the elevation of the upper

surface of the Goodland Limestone.

No information on the nature of the Paluxy Aquifer in the East Area

is available because drilling activities in this area were confined to the

Upper Zone.

Hydraulic Conductivity of Upper Zone Deposits

The ability of the Upper Zone alluvial deposits to transmit ground

water was evaluated based on the results of the single-well aquifer tests
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Figure 3-7. Contour Map of the Top of Bedrock, East Area, Carswell AFB, Texas
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TABLE 3-1. RESULTS OF EAST AREA UPPER ZONE
CONDUCTED ON JUNE 18, 1990

SYNOPTIC WATER LEVEL SURVEY

Location
Measuring Point

Elevation
Depth to
Water

Water Level
Elevation

ID Time (Ft, MSL) (Ft) (Ft, MSL)

ST14-171 1054 578.19 11.41 566.78

ST14-17J 1035 579.79 11.81 567.98

ST14-17K 1057 575.34 10.38 564.96

ST14-17L 1041 577.27 11.17 566.10

ST14-17M 1047 574.28 10.90 563.38

ST14-Ol 1101 575.89 14.18 561.71

ST14-02 1104 575.64 12.47 563.17

ST14-03 1045 576.72 9.99 566.73

ST14-04 1107 575.74 12.93 562.81

SD13-0l 1115 573.24 13.19 560.05

SD13-02 1118 573.39 15.38 558.01

SD13-03 1120 571.54 12.11 559.43

SD13-04 1123 569.24 10.31 558.93

BSS-A 1136 566.38 5.47 560.91

BSS-B 1142 569.73 9.81 559.92

BSS-C 1145 559.57 7.58 551.99

LFO1-1B 1204 560.25 12.38 547.87

LFO1-1C 1159 560.00 13.14 546.86

LFO1-1D 1210 563.93 16.84 547.09

LFO1-1E 1219 562.25 15.69 546.56

LFO1-1F 1222 562.26 16.25 546.01
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Figure 3-8. Potentiometric Surface Map of the Upper Zone, East Area,
Carswell AFB, Texas
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(slug tests) performed as described in Section 2.5.1. A summary of East Area

hydraulic conductivity values calculated from slug test results according to

the method of Bouwer and Rice (1976) is provided in Table 3-2.

A total of six slug tests were performed on East Area wells in April

1988. Calculated hydraulic conductivity values range 1 x cm/sec at well

LFO1-1D to 1.2 x 10-2 cm/sec at well ST14-17L. These values are consistent

with the expected ranges of hydraulic conductivities for alluvial deposits

dominated by silt-sand-gravel mixtures.

3.1 Site LFO1 - Landfill 1

Site LFO1 is located at the DRMO yard. The locations of the Upper

Zone monitor wells at this site are shown on Figure 3-9. The upgradient well,

LFO1-lA, was formerly located in the southeast corner of the park bordering

the DRNO to the west. However, recent construction activity in the vicinity

of Site LFO1 resulted in the destruction and subsequent backfilling of this

monitor well. Boring logs show LFO1-1A was the shallowest of the Site LFO1

wells, with the Goodland Limestone occurring only 7 feet below the surface.

Wells number LFO1-lB, LFO1-lE, and LFO1-lF were not drilled to bedrock.

Monitor well LFO1-1C, located in the south yard, was completed upon reaching a

shale member of the Goodland Limestone at a depth of 33 feet. Well LFO1-lD,

located south of the DRMO compound encountered the Goodland Limestone at 23

feet. Wells LFO1-lB and LFO1-1C were completed flush to the ground surface,

in meter boxes. Wells LFO1-1A, LFO1-lD, LF-Ol-lE, and LFO1-lF were completed

above ground.

3.1.1 Site Description

Topography

Site LFO1 is located on a gently sloping terrace immediately west of

the West Fork of the Trinity River. Elevations range from approximately 567

3-14



TABLE 3-2. SUMMARY OF UPPER ZONE HYDRAULIC CONDUCTIVITY VALUES,
EAST AREA, CARSWELL AFB, TEXAS (APRIL 1988)

Location Hydraulic Conductivity (cm/sec)

LFO1-1D 1.0 x lO

LFO1-1F 1.4 x iO
ST14-17J 6.1 x i0
ST14-17K 5.4 x i04

ST14-17L 1.2 x 1O2

ST14-17M 2.5 x i0
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Figure 3-9. Location of Monitor Wells at Site LFO1, Carswell AFB, Texas
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feet MSL outside the west boundary of the DRMO compound to approximately 560

feet MSL on the levee above the river.

Geology

The unconsolidated material beneath Site LFO1 (Figure 3-6, Cross-

Section D-D') is finer grained than elsewhere in the East Area, consisting

entirely of fill, clay, and sandy clay. The sand and gravel layers penetrated

in the other East Area wells and borings are absent beneath the DRMO. The

large amount of fill indicates that the area has been extensively modified by

human activities. This evidence, and considering that sand and gravel layers

pinch out in an easterly direction (Figures 3-4 and 3-6, Cross-Sections B-B'

and D-D'), suggests that the Upper Zone materials at the DRMO are the result

of construction fill or rechanneling of the Trinity River.

The upper surface of the Goodland Limestone slopes downward rela-

tively steeply to the east beneath Site LFO1 (Figure 3-10), reflecting channel

cutting and erosion of the limestone by the West Fork of the Trinity River.

The land surface elevation does not dip eastward as steeply as the limestone;

therefore, the lower elevation of the top of the Goodland at wells LFO1-1E and

LFO1-1F accounts for the relatively greater thicknesses of alluvium at these

wells, compared to the other wells in the East Area.

Hydrogeology

The depth to water in 1988 at Site LFO1 ranged from about 5 feet bgl

at the upgradient well, LFO1-lA, to a fairly consistent measurement of about

20 feet bgl at all other locations at Site LFO1. During the June 1990 water-

level survey, all of the Site LFO1 monitor wells had water levels of 12 to 13

feet bgl. Because the upgradient monitor well (LFO1-1A) was destroyed prior
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Figure 3-10. Contour Map of the Top
Carswell AFE., Texas

of Bedrock, Site LFO1 (Landfill 1),
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to the water-level survey, no measurement of the upgradient water level at the

site could be made. Although the June 1990 water levels are approximately 6

to 7 feet higher than those observed in February to March 1988, the con-

figuration of the water table is probably similar to that determined in 1988

(Figure 3-11). The closely spaced contours on the water table in the Landfill

1 area resemble the contour pattern on the surface of the Goodland Limestone.

This similarity in limestone and water table surfaces is expected because the

water in the Upper Zone flows along the top of the Goodland. Ground-water

flow beneath Site LFO1 is eastward to northeastward, to the West Fork of the

Trinity River.

3ased on the hydraulic conductivity values calculated from slug test

results at Landfill 1, and the hydraulic gradient of approximately 0.09 (from

Figure 3-11), the calculated average ground-water flow velocity at Landfill 1

is approximately 0.6 feet per day. This velocity represents an average

seepage velocity, as opposed to a particle velocity that would be considered

in contaminant transport evaluations. This estimate is derived from a

simplification of Darcy's Law:

ki
V

where: 'r average ground-water flow velocity,

k hydraulic conductivity of Upper Zone deposits,

(average 7 x l0 cm/sec or 2 feet/day)

i hydraulic gradient (0.09) in the Upper Zone; and

0 estimated porosity of Upper Zone deposits

(assume 0.30)

3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Site SD13 is located generally east of the POL Tank Farm and south

of Landfill 1 (see Figure 3-1). It is divided into two parts: the Unnamed

Stream from the oil/water separator to Farmers Branch, and the paved lot in
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Figure 3-11. Potentiometric Surface Map of the Upper Zone, Site LFO1
(Landfill 1), Carswell AFB, Texas

3-20



the vicinity of an abandoned gasoline service station. The investigation at

Site SD13 performed in 1990 consisted of the collection of water samples from

the Unnamed Stream at four locations and the installation and subsequent water

sampling of four Upper Zone monitor wells (Figure 3-12).

Water in the Unnamed Stream emerges from an oil/water separator.

Water enters the separator from a french drain which was installed to aid in

the removal of fuels from the ground that were released from either the POL

Tank Farm (Site ST14) or the abandoned gasoline station. The Unnamed Stream

is a perennial stream feeding into Farmers Branch.

3.2.1 Site Description

Topography

The abandoned service station area at Site SD13 is fairly flat;

however, there is an approximately 15- to 20-foot difference in elevation

between the former service station and the Unnamed Stream. The four monitor

wells (SD13-Ol through SD13-04) installed at the site are on the upper terrace

deposits, while the Unnamed Stream is located on the lower floodplain of

Farmers Branch.

Geology

Four ground-water monitor wells were installed at Site SD13 during

March 1990 (Figure 3-12). A coarsening downwards sequence was observed in

each of the well borings, with surficial clays coarsening to sands and gravels

with depth. A 2- to 5-foot layer of gravel was encountered in all four

borings, with the gravel resting directly on the weathered limestone surface

of the Goodland Formation.

The depth to the Goodland Formation at Site SD13 was between 10 and

15 feet bgl, and the top of the bedrock surface varied by less than 2 feet

across the abandoned service station area, showing a slight slope to the
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Figure 3-12. Location of Monitor Wells and Surface Water Samples, Site SD13,
Carswell AFB, Texas
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southwest or toward Farmers Branch. The elevation of the top of the Coodland

Formation is shown on Figure 3-7.

Hydrology

A synoptic water-level survey was conducted at Site SD13 on 18 June,

1990. The resulting potentiometric surface map is presented in Figure 3-13.

In general, the water table was 7 to 12 feet below land surface and the

saturated thickness of the Upper Zone Aquifer was 1 to 4 feet at the time of

the survey.

Figure 3-7 shows that the shallow ground-water flow deviates from

the configuration of the underlying bedrock surface. The bedrock surface

slopes generally to the southwest, while the shallow ground-water flow is to

the east-northeast (or toward the Trinity River). The Upper Zone hydraulic

gradient at Site SD13, as determined from the June 1990 potentiometric surface

map, is approximately 0.01 feet/foot.

3.3 Site ST14 - POL Tank Farm

The POL Tank Farm is located between Knights Lake Road and Haile

Drive, north of Hobby Shop Road. In addition to the five existing Upper Zone

monitor wells in and around the tank farm area, four monitor wells (ST14-01

through ST14-04) were installed during the 1990 field activities (Figure 3-

14). Caution was exercised in the drilling phase because of the presence of

underground fuel lines. All boring locations were approved by the Carswell

AFB Civil Engineering office before drilling began.

3.3.1 Site Description

Topography

The surface at Site ST14 is relatively flat, ranging from 580 feet

MSL west of the tank farm to 572 feet MSL at monitor well ST14-17M (east).
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LEGEND:

• Monitor WeU RADIAN
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Figure 3-14. Location of Monitor Wells at Site ST14, Carswell AFB, Texas
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Surface drainage is to the east-southeast, with some drainage into the

concrete-lined portion of the Flightline Drainage Ditch (Site SD1O).

Geology

The Upper Zone in the POL Tank Farm area typically consists of

approximately 10 feet of gray to tan clay, underlain by another 5 to 10 feet

of sand and gravel. Gravel content increases with depth and usually rests

directly on the underlying bedrock (Goodland Formation) surface. The clay

often has minor limonite staining and contains pebbles and freshwater gas-

tropod shells. The sand is grayish-green or tan to brown in color, and is

generally fine-grained. Gravel ranges from pea size to pebbles over an inch

in diameter.

The depth to the Goodland Limestone beneath the POL Tank Farm area

ranges from 16 to over 20 feet bgl. The boreholes drilled for the four most

recently installed monitor wells (ST14-Ol through ST14-04) all encountered the

Goodland Limestone at 16 to 18 feet bgl.

Hydrogeology

During the June 1990 synoptic water-level survey, the depth to water

at Site ST14 varied from approximately 8 to 16 feet bgl, with corresponding

water-level elevations ranging from 561 to 567 feet MSL. A potentiometric

surface map is presented in Figure 3-15. The water surface slopes primarily

to the southeast across Site ST14, toward Farmers Branch. Although the

ground-water equipotential lines do not have equidistant spacings across the

site, the average hydraulic gradient for the site is approximately 0.007

feet/foot.

Based on the hydraulic conductivity values calculated from slug test

results at the POL Tank Farm, an estimated porosity of Upper Zone sediments of

20 percent, and the hydraulic gradient of approximately 0.007 feet/foot, the

average ground-water flow velocity at the POL Tank Farm is calculated at
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(June 1990)
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Figure 3-15. Potentiometric Surface Contour Map of Site ST14,
Carswell AFB, Texas
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approximately 0.3 feet per day. This velocity represents an average seepage

velocity.

3.3.2 Soil Gas Investigation

The results of a soil gas survey conducted in December 1987 at the

POL Tank Farm and the pipeline/truck loading area east of the tanks indicated

that some areas were underlain by hydrocarbon vapor plumes. Figure 3-16

illustrates the soil gas concentrations and those areas believed to be

underlain by vapor plumes. Using the 1,000 ppm total organic compound

concentration as a criterion for delineating contamination, the results show

that two soil vapor plumes exist at Site ST14. The largest plume encompasses

an area approximately 100 feet wide and 300 feet long underlying the areas in

the vicinity of Tanks 1156 and 1157. A smaller plume exists at the pipeline!

truck terminal area, centered on soil gas probe 29. This smaller plume is

located around monitor well ST14-17M, where viscous, black hydrocarbon product

was observed on the ground-water surface during the June 1990 sampling event,

and dissolved hydrocarbon constituents were detected in the water.

3.4 Site BSS - Base Service Station

The BSS (Base Service Station) site is located on the northeast

corner of the intersection of Jennings Drive and Rogner Drive, on the eastern

edge of the base. Previous work performed at the BSS site consisted of a soil

gas survey, installation of three Upper Zone monitor wells, and soil sampling

from one soil boring. The recent field work (June 1990) included ground-water

sampling of the three monitor wells. The three monitor wells encountered

limestone between 10 and 12 feet below the surface and the soil boring within

6 feet. Monitor well BSS-B was completed above ground, and wells BSS-A and

BSS-C were completed flush to the ground surface. The locations of the Upper

Zone monitor wells installed at the BSS site are shown in Figure 3-17, as well

as the location of two cross-sections constructed through the site.
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Monitor Well

Soil Gas Sampling Point, Values
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Figure 3-16. Probable Areas of Soil Gas Plumes (ppm > 1000) at Site ST14

(POL Tank Farm), Carswell AFB, Texas (December 1987)
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3.4.1 Site Description

Toograph

The BSS site is located on a gently sloping terrace on the west side

of the West Fork of the Trinity River. Elevations range from approximately

567 feet near the Base Service Station (Bldg. 1518) to 560 feet at monitor

well BSS-C.

Geology

The Upper Zone deposits encountered during drilling at the BSS site

are characteristic of the East Area in general. Cross-sections E-E' and F-F'

(Figure 3-18) illustrate geologic features at the site. Because bedrock was

encountered within 12 feet of the surface in all boreholes drilled at the BSS

site, the sequences encountered are generally thin. There are typically 3 to

9 feet of clay and silt, underlain by a thin stratum of sand with minor

gravel. Under the sand and gravel is the limestone of the Goodland Formation,

which was encountered in all boreholes. The shallow depth of the Coodland is

consistent with the overall geologic setting of the East Area. Based on

observations from drilling at Site LFO1, the depth to the Goodland probably

increases abruptly toward the Trinity River. The surface of the Goodland

Limestone dips to the east beneath the BSS site (Figure 3-7), with the dip of

the bedrock being slightly greater than the slope of the land surface.

1-lydrogeology

The depth to water at Site BSS ranged from about 6 feet to just over

8 feet bgl during the June 1990 synoptic water-level survey. The water table

is contoured in Figure 3-8, sloping to the east. The water table gradient is

fairly consistent with the slope of the underlying bedrock surface. The

hydraulic gradient observed at this site indicates ground-water movement

toward the West Fork of the Trinity River.
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3.4.2 Soil Gas Investigation

The results of the December 1987 soil gas survey conducted at the

Base Service Station indicate that two areas are underlain by hydrocarbon

vapor plumes. Figure 3-19 shows the soil gas probe results and the two areas

interpreted as delineating the vapor plumes. The gas chromatograph used for

the soil gas investigation had a maximum quantifiable organic vapor con-

centration of 1000 ppm. Since several probe locations had concentrations

exceeding 1000 ppm, this concentration was used as the criterion for total

organic compound plume delineation. The results of the investigation indicate

soil vapor plumes located just north of the station extending from the

underground storage tanks to east of Rogner Drive and also at the southern end

of the station. The largest plume was estimated to encompass an area

approximately 100 feet wide and 200 feet long. The smaller plume at the south

end of the station was roughly 75 feet in diameter.
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4.0 NATURE AND EXTENT OF CONTAMINATION

The Carswell AFB IRP Phase II Stage 1 report (Radian, 1986) iden-

tified organic and metals contamination at several sites in the East Area.

Additional work was performed during Stage 2 (1987-88) to define the vertical

and lateral extent of contaminants in the East Area, and in addition, to

investigate other sites with the potential for subsurface contamination (e.g.,

Site BSS - Base Service Station).

The primary objective of the activities performed by Radian in 1990

was to further characterize the nature and extent of various contaminants in

the Upper Zone ground water beneath the East Area. Specifically, the goal was

to better define the upgradient and/or downgradient margins of ground-water

contaminant plumes, and to collect additional data necessary to support a

Feasibility Study (FS) for the East Area sites.

Four sites had additional work performed in 1990: Site LFO1

(Landfill 1), Site SD13 (Unnamed Stream and Abandoned Gasoline Station), Site

ST14 (POL Tank Farm), and Site BSS (Base Service Station). This discussion of

the nature and extent of contamination is limited to these sites, as no new

data were collected on other East Area sites since completion of the Final

Draft IRP Phase II Stage 2 RI/FS report (Radian, 1989).

Samples collected during the 1990 field program were analyzed for

various volatile organic compounds and metals species. Metals analyses were

performed on both filtered and unfiltered samples to evaluate concentrations

of both total and dissolved metals. In previous investigations, only the

total metal analyses were performed, which do not yield results that are

representative of the dissolved concentrations of metals in water. Evaluation

of ground-water and surface water impacts based solely on total metals

concentrations can lead to an erroneous conclusion of metals contamination if

the data are not supported by dissolved metals results. This is because

metals ions can be leached from suspended sediments present in unfiltered

samples when the samples are acidified (preserved). There is no means to

determine the magnitude of the metals contribution from this mechanism to the
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total metals concentration except by performing a dissolved metals analysis on

a corresponding filtered sample. This issue is discussed by site in Section

4.3. Following is a summary of the quality assurance/quality control (QA/QC)

results for the most recent (1990) Carswell AFB ground-water sampling effort.

4.1 Quality Assurance/Quality Control

A primary data set, consisting of analytical results for organic

and inorganic compounds in ground and surface water, was collected to charac-

terize ground and surface waters at Carswell AFB and to determine if these

waters were contaminated. A quality assurance/quality control (QA/QC) program

was incorporated in the data collection effort to control and assess the

uncertainty of measurement results.

The uncertainty in the measurement of a chemical concentration in

an environmental sample may be broadly divided into components that may be

controlled by a laboratory and components that may not be controlled by a

laboratory. For example, error due to the analytical method (method error)

may be controlled by analyzing the appropriate quality control (QC) samples

and using the results as feedback for corrective actions. Error due to the

nature of the sample media (matrix effects) may not be controlled, so QC

samples are analyzed to assess total uncertainty and provide uncertainty

estimates to be used during the interpretation of natural sample results.

Therefore, the collection and analysis of quality control samples during the

Carswell AFB program served two objectives: (1) to evaluate and control the

laboratory component of measurement error; and (2) to evaluate error related

to sample variability and matrix effects and ultimately assess total measure-

ment uncertainty.

The approach used to accomplish these objectives is described in

Section 4.1.1, along with a general summary and conclusion of the results of

the quality control sample analyses. A discussion of the QC results, in

regards to the analytical system, is presented in Section 4.1.2. A discussion

of the QC results, in regards to total measurement error due to the environ-

mental matrix is presented in Section 4.1.3. A discussion of sample collec-
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tion documentation, including chain-of-custody, sample hold times, and use of

standard forms is presented in Section 4.1.4. Detailed QC results are

presented in Appendix H of the Flightline Remedial Investigation (RI) report.

4.1.1 QA/OC Approach and Summary

The goals of the QA/QC program were to ensure control over the

measurement process in the laboratory and to collect data to assess total

measurement error (i.e., non-controllable error due to matrix effects or

sample collection). The quality of the measurement program was also enhanced

through the use of standard analytical methods, standardized data collection

forms, chain-of-custody procedures, and standard sample hold times. The

reference analytical methods used on this project are identified in Table 4-1.

Quality control requirements described in the reference methods and the

approved Carswell AFB Quality Assurance Project Plan (QAPP) were followed for

all analyses.

QC samples used to control and/or assess measurement error included

blanks, spikes, and replicates. A glossary of QC sample types is presented in

Table 4-2. Analysis of these QC samples provided information related to

contamination (false-positives), bias, and variability, respectively. The

approach to using these QC samples to control laboratory performance and

assess total measurement error is described in the following sections.

Approach and Summary of Laboratory Matrix QC Efforts

The QA effort to control and assess analytical error consisted of

QC samples, analyzed along with natural samples, and a prescribed set of

corrective actions to implement when error exceeded data quality objectives.

Thus, a feedback mechanism was used which enabled the lab to continuously

monitor bias and imprecision in a laboratory matrix. Types of QC samples with

acceptance criteria and limits, as well as the prescribed corrective actions,

were presented in Table 1.10-1 of the approved QAPP. The QC samples used to
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TABLE 4-1. STANDARD METHODS USED FOR CHEMICAL ANALYSES

IRP Test Name Radian Code IRP Code

Purgeable Halocarbons 6O1EWOO1 E6O1

Arsenic ASGSWAOO SW706O

Chloride (Titrimetric, Mercuric Nitrate) CLTEWNOO E325..3

Fluoride, Potentiometric, ION Selective Electrode FSEWAOO E340.2

Total Recoverable Petroleum Hydrocarbons HCTEWNOO E418.l

Mercury (cold vapor, manual) HGC_WNOO E245.1

Inductively Coupled PLASMA (ICP) Metals Screen ICPSWNOO SW6010

Nitrate ION NO3EWAOO E353.2

Orthophosphate OPOEWNOO E365.2

Lead (Furnace) PBCSWAOO SW7421

Selenium SEGSWAOO SW774O

Sulfate by Nephelometry SFNWNOO SW9O38

Filterable Residue (Also known as Total Dissolved TDSEWNOO E16O.l

Solids)

Nitrate ION NO3EWNOO E353.2

Purgeable Aromatics 6O2EWOO1 E602
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TABLE 4-2. GLOSSARY OF QC SAMPLE TYPES

Blanks

Equipment Rinse A water rinse of sampling equipment between sample
locations to quantitate cross-contamination.

Trip Reagent grade water sealed in VOA vials in the
laboratory, transported to the field and back to
the laboratory with natural samples to quantitate

shipment and laboratory storage contamination.

Ambient Condition Reagent grade water poured into sample vials in the
field and allowed to sit open to the ambient air
for a specified period to quantitate air-borne
contamination.

Replicates

Field Duplicates Samples split in the field into two containers and
submitted blind for analysis, to quantitate natural
variability of constituents in a specific matrix.

Spikes

Matrix/spike/matrix Known quantities of target analytes are introduced

spike duplicates into a split of the sample before preparation. A
(MS/MSDs) MS/MSD pair is performed at a minimum frequency of

5% or one per batch of less than 20 samples. Used
to quantitate bias and imprecision in analytical
results due to the natural matrix.

Surrogate Known quantity of a compound that is not expected
to occur naturally in the sample. All samples to
be analyzed for organic constituents are spiked
with surrogate compounds. Used to quantitate bias
in analytical results for classes of compounds.
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control precision and accuracy in the laboratory matrix included continuing

calibration control samples, laboratory quality control check (QCCS) samples,

and for metals by SW6O1O (ICAP), IC? interference check samples. Data quality

objectives for laboratory-controllable parameters during this program were

presented in Table 1.4-1 in the approved QAPP, in terms of precision and ac-

curacy, and are reproduced in this document as Table 4-3.

In summary, the analytical system was in control for all analyses.

Quality control check samples (QCCS) or continuing calibration check samples

were always used as a final analysis if there was a concern about system

control.

Laboratory blanks indicate a potential for false-positive results

due to laboratory contamination. Maximum concentrations found in lab. blanks

are presented below with specific analytes:

• EPA 601

• EPA 325.3 -

• SW6O1O -

• EPA 365.2

• SW7421

Tetrachloroethene

Trichloroe thene

Chloride

Aluminum

Beryllium

Copper

Nickel

Silver

Strontium

Vanadium

Zinc

Orthophosphate

Lead

0.17 pg/L;

1.3 pg/L;

1.5 mg/L;

0.53 mg/L;

0.0023 mg/L;

0.053 mg/L;

0.021 mg/L;

0.051 mg/L;

0.0047 mg/L;

0.025 mg/L;

0.044 mg/L;

0.012 mg/L; and,

0.0099 mg/L.

A more detailed

provided in Section 4.1.2.

discussion of laboratory matrix QC samples is
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TABLE 4-3. PRECISION AND ACCURACY OBJECTIVES FOR THE LABORATORY MATRIX

Parameter Method Precisiona Accuracyb

Total Petroleum

Hydrocarbons

EPA 418.1-IR Not specified Not specified

Metals Screen

(23 metals)

SW846 6O10-ICP

(modified)

20%

Arsenic SW846 7060
Furnace AA

20%

Lead SW846 7421
Furnace AA

20%

Mercury SW846 7471
Cold Vapor AA

20%

20%

Volatile
Halocarbons

EPA 601 50% to 11O%c

Volatile Aromatics EPA 602 50% to 65%c

Chloride EPA 325.3 15%

15%

10%

EPA 160.1 20%

a Coefficient of variation (relative standard deviation) for replicate

determinations (exclusive of sampling variability).
b Total error for a single measurement, including both systematic error

(bias) and random error (variability due to imprecision), expressed as a
percentage of the measured value.
Range of relative error for species of interest, based on EPA method
validation testing. See method for further explanation.
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Approach and Summary of Environmental Matrix OC Efforts

Total measurement error includes components of error associated

with matrix effects (recovery), lack of homogeneity in the matrix (variabilit-

y), and sample collection (variability and contamination). Total error may be

expressed in terms of bias, measured by matrix and surrogate spike results;

imprecision, measured by matrix spike duplicate and field duplicate results;

and contamination, measured by field blanks such as ambient condition and

equipment rinse blanks. Imprecision may be expressed in terms of the pooled

coefficient of variation (CV) for matrix spike duplicate and field duplicate

results. Matrix spike duplicate results allow for estimates of imprecision at

an established concentration level above the detection limit, whereas con-

centrations of target analytes in field duplicate samples may vary widely or

even be not detectable.

In summary, field blanks indicated a potential for false-positive

results due to field contamination, Generally, field blanks contained very

low concentrations for common organic and inorganic compounds. Natural sample

results near laboratory and field blank concentrations may considered false-

positive results. Estimates of imprecision and bias are presented in Section

4.1.3.

Approach and Summary of Sample Collection QC Efforts

The QA effort to control and/or evaluate sample collection error

consisted of using standard sample collection methods, standard sample holding

times until analysis, standard forms to document sample collection and chain-

of-custody, along with trip blanks to quantitate bias (i.e., contamination)

due to sample handling, shipment or storage. The standard forms used at

Carswell AFB originated with the Air Force IRP program and may be found in the

data collection handbook. Chain-of-custody forms are presented as Figure 1.6-

2 in Section 1.6.1 of the QAPP.

A feed-back mechanism to control sample collection error was not

possible for the Carswell project because field teams finished sample collec-
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tion before sample analysis was complete. While there were some inconsisten-

cies in hold times for trip blanks and signatures on chains-of-custody, no

sample results were invalidated. A discussion of the completeness of sample

collection QC efforts is presented in Section 4.1.4.

4.1.2 Laboratory Matrix QC Sample Results

Bias and imprecision in results is most controllable for the

analytical system because QC samples may be analyzed along with natural matrix

samples and a batch reanalyzed if QC samples indicate the system is out of

control. As discussed in Section 4.1.1, and the QAPP, data quality objec-

tives, Table 4-3, are for QC samples using reagent water as the matrix.

Results for samples in natural matrices would not be expected to be as

unbiased nor precise. If imprecision or bias exceed these data quality

objectives, then the analytical system is out of control and must be cor-

rected, and affected samples reanalyzed. Bias due to laboratory contamination

is not included in Table 4-3. Generally, any systematic contamination for

laboratory sources is not allowed. However, the presence of some common lab

contaminants is allowed and corrective action is taken only when concentra-

tions reach a significant level as directed in the QAPP.

Instrument calibrations were performed according to laboratory

standard operating procedures (SOPs) which reference the standard methods

specified in the QAPP. One problem occurred with the calibration curve for a

gas chromatograph (GC) used for 601 analyses. This problem was documented in

the ITIR and the solution and a discussion are represented here.

As pointed out in the ITIR, this problem does not invalidate any

sample results for samples analyzed by Method 601 and does not make this

project incomplete. The calibration curve for Method 601 analyses on instru-

ment "B" was not within specifications. The fifth, and highest, calibration

point (30 ppb) was inaccurate and thus caused results to be biased high. To

solve this problem, data generated on instrument "B" for 601 analyses was

recalculated using a four point calibration curve, dropping the 30 ppb

calibration point, with the new highest point of 15 ppb. New reports were
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issued and affected results flagged. Second column confirmation need be only

qualitative for Carswell AFB analyses, so these results (i.e., Instrument B

data) will be used solely for second column confirmation. Results for

instrument "5" were considered the "primary" result and site evaluations will

be based on this quantitation.

QC sample results for organic methods are used internally by the

laboratory to determine if the analytical system remains in control. These

results are not reported. Since these results are used as a feedback mechan-

ism on system control and not to evaluate total bias or imprecision after

reporting, it is the laboratory's responsibility to maintain system control.

For this discussion it is assumed all samples were analyzed by Method 601 and

Method 602 when the system was in control.

4.1.2.1 Laboratory Matrix Blanks

A list of analytes detected in laboratory matrix blanks is presen-

ted in Table 4-4 with a count of the number of times detected and maximum

concentrations. Generally, there is little concern for false-positive results

due to laboratory contamination. However, for the analytes listed in Table 4-

4, it is possible for sporadic false-positive results. Corrective actions

outlined in the QAPP were followed regarding laboratory contamination.

Therefore, no sample results were invalidated due to laboratory contamination.

Summary and detailed results for all blanks are presented in Table 1 and Table

2 of Appendix H of the Flightline RI, respectively.

4.1.2.2 Laboratory Matrix Spikes

Continuing calibration and quality control check samples (QCCS)

check samples were used to determine if the analytical system was in control

for methods by AA, ICAP, or cold-vapor graphite furnace AA; fluoride, chlor-

ide, total hydrocarbons, orthophosphate, and total dissolved solids. Results

of these samples are presented in Table 4-5. Detailed results are presented

in Table 3 of Appendix H of the Flightline RI. A comparison of Table 4-5 to

data quality objectives (DQOs) from Table 4-3, indicates the analytical system
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TABLE 4-5. SUMMARY OF QUALITY CONTROL CHECK SAMPLE (QCCS) RESULTS,
CARSWELL AFB, TEXAS

Number of Mean Z Precision Accuracy Mean
Parameter Samples Recovery CV (U Relative Error (+Z)

ARSENIC BY 706O
Continuing Calibration Control Sample

Arsenic 53 95.9 4.5 5.0

Laboratory Control Sample (QCCS)
Arsenic 2 90.3 5.8 9.7

CHLORIDE, BY TITRATION
Continuing Calibration Control Sample

Chloride 15 97.5 1.2 2.5

FLUORIDE BY EPA 340.2]
Continuing Calibration Control Sample

Fluoride 17 96.4 3.6 4.2

BYDROCARBONS, TOTAL E418.1
Continuing Calibration Control Sample

Hydrocarbons 4 93.6 3.8 6.4

MERCURY BY COLD VAPOR
Continuing Calibration Control Sample

Mercury 50 96.7 13.6 5.4

ICP 25 ELB€NT SCAN
Continuing Calibration Control Sample

Aluminum 41 101.3 2.6 2.3

Antimony 38 101.3 2.9 2.3
Arsenic 40 103.1 2.8 3.6
Barium 39 99.8 3.2 2.6
Beryllium 43 100.9 4.1 3.8

Boron 38 99.8 3.9 3.2

Cadmium 40 103.7 4.3 5.4

Calcium 38 104.3 2.2 4.3

Chromium 41 100.8 2.7 2.2
Cobalt 36 102.2 2.8 3.1

Copper 40 102.7 3.8 4.1
Iron 40 98.8 2.1 1.9
Lead 39 104.0 4.0 5.1

Magnesium 39 100.5 2.5 2.0

Manganese 41 103.6 3.1 4.3

Molybdenum 35 99.0 3.2 2.9
Nickel 39 102.9 2.9 3.5
Potassium 42 100.7 2.5 2.2
Seleniuum 41 103.1 2.3 3.3
Silicon 42 101.5 3.5 3.1
Silver 36 101.4 4.3 3.9
Sodium 40 101.8 12.3 4.0
Strontium 44 100.2 2.7 2.3
Thallium 41 100.4 2.9 2.4
Vanadium 41 102.5 3.1 3.7

Zinc 38 103.9 2.4 4.0

ICP Interference Check Sample
Aluminum 17 92.7 6.0 7.7

Barium 26 103.8 2.3 3.8

Beryllium 27 104.4 2.4 4.5

Cadmium 28 102.9 2.2 3.1

Calcium 17 82.6 15.7 17.6

Chromium 28 104.6 2.7 5.0

Cobalt 28 107.3 3.4 7.7

Copper 28 105.0 4.1 5.9
Iron 17 77.0 24.6 24.3
Lead 30 104.5 4.6 5.6

Magnesium 17 88.1 10.0 12.2

Manganese 27 102.7 4.9 4.7

(Continued)
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TABLE 4-5 (Continued)

Number of Mean 1 Precision Accuracy Mean
Parameter Samples Recovery CV Cl) Relative Error (±1)

Nickel 28 102.2 3.9 3.8
Silver 30 101.7 4.4 4.1
Vanadium 30 99.6 6.2 4.3
Zinc 28 106.2 3.4 6.7

Initial Calibration Control Sample
Aluminum 2 100.4 1.3 .9
Barium 2 101.0 .3 1.0

Beryllium 2 101.3 .3 1.3
Cadmium 2 97.2 .8 2.8
Calcium 2 101.8 .1 1.8
Chromium 2 100.6 .2 .6

Cobalt 2 99.2 .6 .8

Copper 2 92.9 .2 7.1
Iron 1 104.3 4.3
Lead 2 101.2 2.6 1.9

Magnesium 1 101.5 1.5

Manganese 2 85.5 .5 14.5
Nickel 2 100.1 2.4 1.7
Silver 2 92.2 .2 7.8
Vanadium 2 90.9 .2 9.1
Zinc 2 97.7 .2 2.3

Laboratory Control Sample (QCCS)
Aluminum 2 96.9 .5 3.1
Antimony 2 94.5 3.7 5.5
Arsenic 2 117.0 .0 17.0
Barium 2 99.0 .0 1.0

Beryllium 2 100.3 1.0 .7
Boron 2 99.0 1.4 1.0
Cadmium 2 97.4 .9 2.6
Calcium 2 100.0 1.4 1.0
Chromium 2 98.3 .4 1.8
Cobalt 2 97.9 .1 2.1
Copper 2 97.8 .4 2.3
Iron 2 96.3 1.9 3.7
Lead 2 98.6 1.1 1.2

Magnesium 2 96.6 1.6 3.4
Manganese 2 97.4 .6 2.6
Molybdenum 2 97.4 .7 2.6
Nickel 2 98.4 .9 1.7
Potassium 2 95.5 3.1 4.5
Selenium 2 101.5 .7 1.5
Silicon 2 92.9 5.3 7.1
Silver 2 92.0 4.7 8.0
Sodium 2 94.6 .6 5.4
Strontium 2 98.9 .2 1.2
Thallium 2 96.8 1.8 3.3
Vanadium 2 95.9 .2 4.1
Zinc 2 99.1 1.3 .9

NITRATE BY E353.2
Continuing Calibration Control Sample

Nitrate 20 99.7 4.4 3.6

ORTUOPIIOSPHATE

Continuing Calibration Control Sample

Orthophosphate 22 99.0 3.3 2.5

LEAD BY SWThZ1
Continuing Calibration Control Sample

Lead 56 103.2 4.3 4.6
Laboratory Control Sample (QCCS)

Lead 2 108.3 2.2 8.3

(Continued)
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TABLE 4-5 (Continued)

Parameter
Number of

Samples

Mean 2
Recovery CV

Precision
(2)

Accuracy
Relative Error (+2)

SELENIt4 BY SW7740
Continuing Calibration Control Sample

Selenium 46 97.6 5.6 5.1

Laboratory Control Sample (QCCS)
Selenium 1 90.0 10.0

SULFATE
Continuing Calibration Control Sample

Sulfate 13 98.6 2.4 2.2

TOTAL DISSOLVEI) SOLIDS
Laboratory Control Sample (QCCS)

Total Dissolved Solids 6 100.6 3.5 2.5
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was in control for these analyses. Interference check samples were also

analyzed for metals analyzed by Method SW6O1O, metals by ICAP. Acceptance

criteria for interference check samples are recovery 20% of true concentra-

tion. Results indicate generally there was little interference and error was

less than data quality objectives. Iron results indicated greater inter-

ference error than expected. The calculated mean recovery and coefficient of

variation (CV) for iron was mean 77% and CV = 24.6%, respectively.

Blank spike QC samples (i.e., method spikes) were also used to

monitor the analytical system for bias and imprecision. Blank spikes are

reagent grade water, spiked with known concentrations of a specified analyte

and the sample taken through the preparation described for the appropriate

method. Blank spike analyses were performed for metals by AA and ICAP,

chloride, fluoride, hydrocarbons, nitrate and orthophosphate. A summary of

results for these QC samples is presented in Table 4-6. Surrogate spikes were

also added to blank spike samples. Surrogate recoveries are presented in

Table 4-7. Detailed results are presented in the laboratory QC matrix section

of Table 4 of Appendix H of the Flightline RI. Results for all blank spikes

except antimony were within the QAPP specified acceptance criteria for

recovery. Ten of the 14 antimony sample results were slightly below 75%

recovery.

Laboratory QC samples (blanks, method spikes, etc.) for EPA 601 and

EPA 602 analyses were spiked with the surrogate compound l-bromo-4-fluoroben-

zene. For Method 601, halocarbons by CC, surrogate spike recoveries for

laboratory QC samples indicate a bias towards high recovery with little

imprecision. Six of 79 recoveries were greater than acceptance criteria

limits of 140%. For Method 602, aromatics by GC, surrogate spike recoveries

for laboratory QC samples indicate little bias or imprecision. All recoveries

were within acceptance criteria of 40% to 140%.
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Laboratory Matrix Replicates

Analytical duplicates (i.e., duplicate analysis of the same

prepared sample at the instrument) were used to determine if the imprecision

associated with the analytical system was in control relative to precision

objectives. Results of analytical duplicates indicated slightly greater

variability, as estimated by coefficient of variation (CV), than expected for

the following analytes:

• Nickel (SW6O1O) - 24%;
• Lead (SW7421) - 47%;

• Selenium (SW7740) - 51%;

• Orthophosphate (E365.2) - 28%.

Results of analytical duplicates are summarized in Table 5 of

Appendix H of the Flightline RI.

4.1.3 Environmental Matrix QC Sample Results

Measurement bias and imprecision are confounded with environmental

variability in natural matrix samples. Since environmental variability (eg.

non-uniform distribution of pollution, variation in natural background

concentrations over space and time, etc) will not be adequately characterized,

measurement error and bias may be quantified but not controlled. Also,

generally sample analyses are performed after field teams have finished at the

site, so timely re-sampling is not an option. Therefore, the following

results are used to qualify interpretations, not to validate procedures or

sample results. Acceptance criteria as specified in Table 1.10-1 of the QAPP

are used throughout this discussion as an indication that bias and imprecision

are normal or abnormal based on historical analyses. Generally, the QAPP

specified corrective action for results outside acceptance criteria is to flag

data and assume matrix interference. Five types of QC samples were used on

the Carswell project to quantify measurement bias and imprecision that is

confounded with environmental variability. These five QC sample types are:
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Matrix spikes (quantify bias);

Surrogate spikes (quantify bias);

Matrix spike duplicates (quantify imprecision);

Predigestion duplicates (quantify imprecision due to matrix,

preparation and analytical effects); and

Field duplicates (quantify imprecision due to sampling,

matrix, preparation and analytical effects).

False-positive results due to wind-blown contamination or cross-

contamination from using non-dedicated sampling equipment are possible during

any sampling effort. Field blanks are used to identify and estimate the

quantity of contamination that may be associated with sampling efforts.

Ambient condition and equipment blanks were used during the Carswell ground-

water program.

Contamination, bias and imprecision are discussed in following

sections by QC sample type. Results that exceeded expectations base on

historical laboratory bias and imprecision estimates are discussed for

appropriate methods.

Field Blanks

A synopsis of the results for compounds detected in field blanks

and the maximum concentration detected are presented in Table 4-8. All

results for field blanks are summarized and presented in detail in Table 1 and

Table 2 of Appendix H of the Flightline RI, respectively.

Spikes

Analytical, matrix and surrogate spikes were used to evaluate bias

on the Carswell project. Analytical spikes are added after preparation,
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immediately before analysis, so only bias and imprecision due to the matrix,

or analyst's error, is quantified. Matrix spikes are added to the sample

before preparation and provide information about total matrix effects. Bias

and imprecision estimates from matrix spikes include method preparation error.

Analytical spike results should complement results of matrix spike studies

regarding error due to the natural matrix. Surrogate spikes are known

concentrations of compounds not expected to be found naturally in samples,

added to samples. Surrogate recoveries indicate potential bias in recovery

for classes of compounds. The corrective action for results outside accep-

tance criteria for all types of spike results is to recheck calculations and

if an error is not found, assume a matrix effect.

Detailed spike results are presented in Table 4 (detailed results)

of Appendix H of the Flightline RI. Results of these QC samples are discussed

below for both ground-water and surface water matrices.

4.1.3.1 Ground-Water Matrix

Generally, spike recoveries were within expected limits. Matrix

spike and surrogate spike recoveries are presented in Table 4-9 and Table

4-10, respectively. Exceptions are discussed below by spike type and method.

Arsenic by SW846 Method 7060 - - Matrix spike recoveries for arsenic

indicate little overall bias but imprecision. Three recoveries were below

acceptance criteria limits and one recovery above criteria limits. Mean

recovery (standard deviation) for 20 matrix spiked samples was 91% (32%).

Analytical spike recoveries for arsenic were also biased. Seven out of 144

analytical spike recoveries were less than the 75% acceptance criteria.

Lead by SW846 Method 7421 - - Matrix spike recoveries for lead by

SW7421 indicate little bias but fair imprecision. Two sample recoveries out

of 20 samples were below the lower acceptance criteria limit of 75% and six

recoveries out of 20 were above upper limits of 125%. Mean (standard devia-

tion) recovery was 107% (32%). Analytical spike recoveries also indicated

4-22



-I
s 

T
A
B
L
E
 
4
-
9
.
 

S
U
M
M
A
R
Y
 
O
F
 
S
P
I
K
E
 R
E
S
U
L
T
S
,
 
C
A
R
S
W
E
L
L
 
A
F
B
,
 
T
E
X
A
S
 

S
U
M
M
A
R
Y
 
O
F
 
S
P
I
K
E
 
R
E
S
U
L
T
S
 
F
O
R
 M
A
T
R
I
X
 
=
 G
r
o
u
n
d
w
a
t
e
r
 

(
C
o
n
t
i
n
u
e
d
)
 

P
a
r
a
m
e
t
e
r
 

N
ui

er
 

of
 

S
a
m
p
l
e
s
 

M
e
a
n
 %
 

R
e
c
o
v
e
r
y
 

S
t
a
n
d
a
r
d
 

D
e
v
i
a
t
i
o
n
 

N
u
n
b
e
r
 
B
e
l
o
w
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

N
u
t
e
r
 A
b
o
v
e
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

(
M
a
t
r
i
x
)
 

A
c
c
e
p
t
a
n
c
e
 

C
r
i
t
e
r
i
a
 

H
a
l
o
c
a
r
b
o
n
s
 
b
y
 E
P
A
 
6
0
1
 

M
a
t
r
i
x
 
S
p
i
k
e
 

1
,
1
-
D
i
c
h
t
o
r
o
e
t
h
e
n
e
 

C
h
t
o
r
o
b
e
n
z
e
n
e
 

T
r
i
c
h
l
o
r
o
e
t
h
e
n
e
 

4
 

4
 

4
 

6
4
.
8
 

1
0
6
.
3
 

8
3
.
8
 

2
9
.
7
6
9
9
5
 

1
3
.
5
0
0
0
0
 

7
.
4
1
0
5
8
 

0
 
0
 
0
 

0
 
0
 
0
 

2
8
.
0
 
-
 
16

7.
0 

3
8
.
0
 
-
 
15

0.
0 

3
5
.
0
 
-
 

14
6.

0 

A
r
o
m
a
t
i
c
s
 

M
a
t
r
i
x
 
S
p
i
k
e
 

B
e
n
z
e
n
e
 

C
h
l
o
r
o
b
e
n
z
e
n
e
 

T
o
t
u
e
n
e
 

4
 

4
 

4
 

9
7
.
0
 

1
0
5
.
3
 

1
0
5
.
0
 

9
.
3
8
0
8
3
 

1
1
.
2
3
6
1
0
 

2
1
.
3
6
9
7
6
 

0
 
0
 
0
 

0
 
0
 
0
 

3
9
.
0
 
-
 
15

0.
0 

5
5
.
0
 
-
 

13
5.

0 
4
6
.
0
 
-
 
14

8.
0 

A
r
s
e
n
i
c
 
b
y
 S
W
7
0
6
0
 

A
n
a
l
y
t
i
c
a
l
 
S
p
i
k
e
 

A
r
s
e
n
i
c
 

1
4
4
 

9
3
.
6
 

1
2
.
1
6
5
7
9
 

7
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
at

rix
 

S
p
i
k
e
 

A
r
s
e
n
i
c
 

2
0
 

9
1
.
3
 

3
2
.
0
6
0
5
9
 

3
 

1
 

7
5
.
0
 
-
 

12
5.

0 

C
h
l
o
r
i
d
e
,
 
b
y
 t
i
t
r
a
t
i
o
n
 

M
a
t
r
i
x
 S
p
i
k
e
 

C
h
L
o
r
i
d
e
 

1
4
 

1
0
2
.
3
 

6
.
1
6
5
2
2
 

0
 

0
 

8
0
.
0
 -
 

12
0.

0 

F
l
u
r
o
i
d
e
 
b
y
 E
P
A
 
3
4
0
.
2
 

M
a
t
r
i
x
 S
p
i
k
e
 

F
l
u
o
r
i
d
e
 

2
2
 

1
0
1
.
6
 

3
.
7
4
4
3
9
 

0
 

0
 

8
5
.
0
 -

 
11

5.
0 

H
y
d
r
o
c
a
r
b
o
n
s
,
 
t
o
t
a
l
 
E
4
1
8
.
1
 

M
a
t
r
i
x
 S
p
i
k
e
 

H
y
d
r
o
c
a
r
b
o
n
s
 

4
 

8
8
.
8
 

5
.
0
5
8
0
0
 

0
 

0
 

8
0
.
0
 -

 
12

0.
0 

M
e
r
c
u
r
y
 
b
y
 c
o
L
d
 
v
a
p
o
r
 

A
n
a
l
y
t
i
c
a
l
 
S
p
i
k
e
 

M
e
r
c
u
r
y
 

1
4
4
 

9
4
.
0
 

1
0
.
8
2
6
6
3
 

2
 

0
 

7
5
.
0
 
-
 
12

5.
0 



T
A
B
L
E
 
4
-
9
.
 

(
C
o
n
t
i
n
u
e
d
)
 

P
a
r
a
m
e
t
e
r
 

N
s
r
b
e
r
 

o
f
 

S
a
m
p
l
e
s
 

M
e
a
n
 %
 

R
e
c
o
v
e
r
y
 

S
t
a
n
d
a
r
d
 

D
e
v
i
a
t
i
o
n
 

N
u
i
t
e
r
 
B
e
L
o
w
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

N
u
i
t
e
r
 
A
b
o
v
e
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

(
M
a
t
r
i
x
)
 

A
c
c
e
p
t
a
n
c
e
 

C
r
i
t
e
r
i
a
 

M
a
t
r
i
x
 
S
p
i
k
e
 

M
e
r
c
u
r
y
 

2
0
 

9
8
.
1
 

6
.
3
2
0
1
8
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

I
C
P
 
2
5
 
e
l
e
m
e
n
t
 
s
c
a
n
 

A
n
a
l
y
t
i
c
a
l
 
S
p
i
k
e
 

A
l
u
n
i
n
u
n
 

1
4
4
 

9
1
.
4
 

5
.
3
8
5
0
5
 

1
 

0
 

7
5
.
0
 -

 
12

5.
0 

A
n
t
i
m
o
n
y
 

1
4
4
 

8
5
.
9
 

5
.
3
5
3
5
8
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

A
r
s
e
n
i
c
 

1
4
4
 

1
0
2
.
2
 

4
.
6
3
2
3
2
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

B
a
r
i
u
n
 

1
4
4
 

8
8
.
8
 

8
.
0
0
6
1
0
 

1
 

0
 

7
5
.
0
 -

 
12

5.
0 

B
e
r
y
t
t
i
u
n
 

1
4
4
 

8
9
.
8
 

4
.
2
2
6
5
3
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

B
o
r
o
n
 

1
4
4
 

1
0
4
.
6
 

1
3
.
2
5
5
6
4
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

C
an

iu
n 

1
4
4
 

8
6
.
7
 

3
.
7
4
2
4
9
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

C
a
L
c
i
u
n
 

1
4
4
 

9
3
.
2
 

5
.
8
3
9
1
9
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

C
h
r
o
n
i
i
u
n
 

1
4
4
 

8
6
.
6
 

3
.
9
6
5
2
7
 

0
 

0
 

7
5
.
0
 
-
 
12

5.
0 

C
o
b
a
l
t
 

1
4
4
 

8
5
.
9
 

3.
78

75
7 

0 
0 

75
.0

 
-
 

12
5.

0 

C
o
p
p
e
r
 

1
4
4
 

8
8
.
6
 

4
.
1
4
6
7
8
 

0
 

0
 

7
5
.
0
 

1
2
5
.
0
 

I
r
o
n
 

1
4
4
 

8
6
.
5
 

3
.
6
5
4
5
7
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

Le
ad

 
1
4
4
 

8
3
.
6
 

4
.
6
6
4
5
8
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
a
g
n
e
s
i
u
n
 

1
4
4
 

9
0
.
1
 

3
.
4
6
1
6
3
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
a
n
g
a
n
e
s
e
 

1
4
4
 

8
5
.
1
 

4
.
3
8
9
6
2
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
o
l
y
b
d
e
n
u
m
 

1
4
4
 

8
6
.
5
 

3
.
9
0
0
8
1
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

N
i
c
k
e
l
 

1
4
4
 

8
5
.
9
 

3
.
9
5
9
0
9
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

P
o
t
a
s
s
i
u
m
 

1
4
4
 

9
0
.
4
 

4
.
2
0
5
8
0
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

S
e
l
e
n
i
u
m
 

1
4
4
 

9
0
.
5
 

5
.
9
6
2
5
7
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

(
C
o
n
t
i
n
u
e
d
)
 



T
A
B
L
E
 
4
-
9
.
 

(
C
o
n
t
i
n
u
e
d
)
 

N
u
n
b
e
r
 

N
u
n
b
e
r
 B
e
L
o
w
 

N
u
n
b
e
r
 
A
b
o
v
e
 

(
M
a
t
r
i
x
)
 

o
f
 

M
e
a
n
 %
 

S
t
a
n
d
a
r
d
 

A
c
c
e
p
t
a
n
c
e
 

A
c
c
e
p
t
a
n
c
e
 

A
c
c
e
p
t
a
n
c
e
 

P
a
r
a
m
e
t
e
r
 

S
a
n
,
L
e
s
 

R
e
c
o
v
e
r
y
 

D
e
v
i
a
t
i
o
n
 

L
i
m
i
t
s
 

L
i
m
i
t
s
 

C
r
i
t
e
r
i
a
 

S
i
L
i
c
o
n
 

1
4
4
 

9
4
.
7
 

9
.
0
4
6
4
6
 

0
 

0
 

7
5
.
0
 -

 1
25

.0
 

S
i
L
v
e
r
 

1
4
4
 

8
6
.
5
 

4
.
6
2
2
6
5
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

S
od

iu
n 

1
4
4
 

9
2
.
4
 

4
.
3
0
2
0
9
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

S
t
r
o
n
t
i
u
n
 

1
4
4
 

8
8
.
9
 

4
.
4
0
4
8
9
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

T
h
a
t
t
i
t
.
i
n
 

1
4
4
 

8
5
.
0
 

5
.
3
8
6
4
2
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

V
an

ad
iu

n 
1
4
4
 

8
7
.
5
 

3
.
4
6
6
1
1
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

Z
i
n
c
 

1
4
4
 

8
7
.
4
 

3
.
9
6
4
1
4
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

M
a
t
r
i
x
 
S
p
i
k
e
 

A
l
u
n
i
n
u
n
 

2
0
 

1
1
4
.
3
 

4
6
.
1
9
0
7
9
 

0
 

3
 

7
5
.
0
 -

 
12

5.
0 

A
nt

im
on

y 
20

 
86

.3
 

5
.
3
1
2
3
5
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

A
r
s
e
n
i
c
 

2
0
 

1
0
7
.
1
 

9
.
0
2
5
6
9
 

0
 

1
 

7
5
.
0
 -

 
12

5.
0 

B
ar

iu
n 

2
0
 

9
2
.
7
 

5
.
2
3
4
2
5
 

0
 

0
 

7
5
.
0
 

1
2
5
.
0
 

B
e
r
y
t
t
i
u
n
 

2
0
 

9
3
.
5
 

5
.
9
2
4
7
5
 

0
 

0
 

7
5
.
0
 

1
2
5
.
0
 

B
o
r
o
n
 

2
0
 

1
0
7
.
7
 

1
5
.
0
5
1
1
4
 

0
 

2
 

7
5
.
0
 

1
2
5
.
0
 

C
a
c
b
i
i
i
u
n
 

20
 

9
0
.
3
 

4
.
7
4
4
8
0
 

0
 

0
 

7
5
.
0
 

1
2
5
.
0
 

C
a
L
c
i
u
n
 

2
0
 

7
7
.
4
 

4
8
.
3
0
6
3
4
 

7
 

2
 

7
5
.
0
 

1
2
5
.
0
 

C
h
r
o
m
i
u
n
 

2
0
 

9
0
.
7
 

5
.
1
5
3
1
8
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

C
o
b
a
L
t
 

20
 

89
.8

 
5
.
4
3
4
7
8
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

C
o
p
p
e
r
 

2
0
 

9
2
.
1
 

5
.
5
6
2
0
9
 

0
 

0
 

7
5
.
0
 

1
2
5
.
0
 

I
r
o
n
 

2
0
 

9
3
.
3
 

1
3
.
7
9
1
2
1
 

1
 

1
 

7
5
.
0
 -

 
12

5.
0 

l
e
a
d
 

2
0
 

8
9
.
0
 

6
.
4
7
2
6
1
 

0
 

0
 

7
5
.
0
 .

 
12

5.
0 

M
a
g
n
e
s
i
u
n
 

2
0
 

9
2
.
9
 

7
.
8
6
6
6
5
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

(
C
o
n
t
i
n
u
e
d
)
 



T
A
B
L
E
 
4
-
9
.
 

(
C
o
n
t
i
n
u
e
d
)
 

N
u
m
b
e
r
 

N
ur

,e
r 

B
e
L
o
w
 

N
u
m
b
e
r
 
A
b
o
v
e
 

(
M
a
t
r
i
x
)
 

o
f
 

M
e
a
n
 X
 

S
t
a
n
d
a
r
d
 

A
c
c
e
p
t
a
n
c
e
 

A
c
c
e
p
t
a
n
c
e
 

A
c
c
e
p
t
a
n
c
e
 

P
a
r
a
m
e
t
e
r
 

S
a
m
p
L
e
s
 

R
e
c
o
v
e
r
y
 

D
e
v
i
a
t
i
o
n
 

L
i
m
i
t
s
 

L
i
m
i
t
s
 

C
r
i
t
e
r
i
a
 

M
a
n
g
a
n
e
s
e
 

2
0
 

9
0
.
1
 

5
.
6
7
9
8
4
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
oL

yb
de

nu
m

 
20

 
90

.7
 

4
.
7
3
8
1
4
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

N
i
c
k
e
L
 

2
0
 

9
0
.
3
 

5
.
8
6
5
8
2
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

P
ot

as
si

um
 

20
 

1
0
6
.
2
 

2
9
.
2
8
7
3
2
 

0
 

2
 

7
5
.
0
 

- 
12

5.
0 

S
eL

en
iu

m
 

20
 

92
.4

 
6
.
3
6
0
0
3
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

S
i
L
i
c
o
n
 

2
0
 

1
7
7
.
4
 

1
7
0
.
1
2
4
1
9
 

0
 

8
 

7
5
.
0
 
-
 

12
5.

0 

S
iL

ve
r 

20
 

90
.6

 
4
.
7
8
3
7
4
 

0
 

0
 

7
5
.
0
 -
 

12
5.

0 

S
od

iu
m

 
20

 
90

.5
 

1
9
.
0
2
7
6
1
 

4
 

1
 

7
5
.
0
 -
 

12
5.

0 

S
tr

on
tiu

m
 

20
 

91
.4

 
5
.
3
7
3
1
8
 

0
 

0
 

7
5
.
0
 -
 

12
5.

0 

T
ha

LL
iu

m
 

20
 

87
.9

 
5
.
5
4
3
1
3
 

0
 

0
 

7
5
.
0
 
-
 

12
5.

0 

V
an

ad
iu

m
 

20
 

90
.4

 
4
.
1
7
1
0
2
 

0
 

0
 

7
5
.
0
 -
 

12
5.

0 

Z
in

c 
20

 
92

.3
 

9
.
0
6
1
7
8
 

0
 

0
 

7
5
.
0
 -

 
12

5.
0 

N
i
t
r
a
t
e
 
b
y
 E
3
5
3
.
2
 

M
a
t
r
i
x
 S
p
i
k
e
 

N
i
t
r
a
t
e
 

2
1
 

9
7
.
5
 

2
0
.
0
5
5
8
6
 

3 
4
 

8
0
0
 -

 
12

0.
0 

O
r
t
h
o
p
h
o
s
p
h
a
t
e
 

M
at

rix
 S

p
i
k
e
 

O
r
t
h
o
p
h
o
s
p
h
a
t
e
 

1
2
 

9
9
.
8
 

5
.
3
3
4
9
3
 

0
 

0
 

8
0
.
0
 -

 
12

0.
0 

Le
ad

 b
y 

S
W
7
4
2
1
 

A
n
a
L
y
t
i
c
a
L
 
S
p
i
k
e
 

L
e
a
d
 

1
4
4
 

1
1
1
.
6
 

1
8
.
0
2
8
2
3
 

1
 

2
6
 

7
5
.
0
 -

 
12

5.
0 

M
a
t
r
i
x
 
S
p
i
k
e
 

L
e
a
d
 

2
0
 

1
0
6
.
8
 

3
1
 .
8
3
0
7
7
 

2
 

6
 

7
5
.
0
 -

 
12

5.
0 

(
C
o
n
t
i
n
u
e
d
)
 



T
A
B
L
E
 
4
-
9
.
 

(
C
o
n
t
i
n
u
e
d
)
 

P
a
r
a
m
e
t
e
r
 

N
ut

he
r 

of
 

S
am

pL
es

 
M

ea
n 

%
 

R
ec

ov
er

y 
S

ta
nd

ar
d 

D
ev

ia
tio

n 

N
un

be
r 

B
eL

ow
 

A
cc

ep
ta

nc
e 

Li
m

its
 

N
in

be
r 

A
bo

ve
 

A
cc

ep
ta

nc
e 

Li
m

its
 

(M
at

rix
) 

A
cc

ep
ta

nc
e 

C
rit

er
ia

 
S
e
t
e
n
i
u
n
 
b
y
 S
W
7
7
4
0
 

A
n
a
L
y
t
i
c
a
l
 
S
p
i
k
e
 

S
e
L
e
n
i
u
m
 

1
4
4
 

8
2
.
9
 

2
0
.
3
2
9
1
9
 

3
4
 

0
 

7
5
.
0
 
-
 

12
5.

0 

M
at

rix
 

S
p
i
k
e
 

S
e
L
e
n
i
u
m
 

2
0
 

7
4
.
1
 

2
9
.
3
5
7
1
0
 

5
 

0
 

7
5
.
0
 
-
 

12
5.

0 

S
u
E
 f
a
t
e
 

M
a
t
r
i
x
 
S
p
i
k
e
 

S
u
L
f
a
t
e
 

9
 

1
0
1
.
1
 

1
2
.
3
7
0
5
3
 

0
 

0
 

8
0
.
0
 -
 

12
0.

0 



T
A
B
L
E
 
4
-
1
0
.
 

S
U
M
M
A
R
Y
 O
F
 S
U
R
R
O
G
A
T
E
 
S
P
I
K
E
 
R
E
S
U
L
T
S
,
 
C
A
R
S
W
E
L
L
 
A
F
B
,
 
T
E
X
A
S
 

S
U
M
M
A
R
Y
 O
F
 S
P
I
K
E
 
R
E
S
U
L
T
S
 
F
O
R
 M
A
T
R
I
X
 

G
r
o
u
n
d
w
a
t
e
r
 

N
u
i
i
b
e
r
 

of
 

M
e
a
n
 %
 

P
a
r
a
m
e
t
e
r
 

S
a
m
p
l
e
s
 

R
e
c
o
v
e
r
y
 

H
a
l
o
c
a
r
b
o
n
S
 
b
y
 E
P
A
 
6
0
1
 

S
u
r
r
o
g
a
t
e
 
S
p
i
k
e
 

1
-
B
r
o
m
o
-
4
-
f
l
u
o
r
o
b
e
n
Z
e
f
l
e
 

1
2
0
.
1
 

A
r
o
m
a
t
i
c
s
 
b
y
 E
P
A
 
6
0
2
 

S
u
r
r
o
g
a
t
e
 
S
p
i
k
e
 

1
-
B
r
o
m
o
-
4
-
f
t
u
o
r
o
b
e
n
Z
e
n
e
 

9
5
.
3
 

S
t
a
n
d
a
r
d
 

D
e
v
i
a
t
i
o
n
 

N
u
n
b
e
r
 
B
e
l
o
w
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

N
u
i
t
e
r
 A
b
o
v
e
 

A
c
c
e
p
t
a
n
c
e
 

L
i
m
i
t
s
 

(
M
a
t
r
i
x
)
 

A
c
c
e
p
t
a
n
c
e
 

C
r
i
t
e
r
i
a
 

8
7
 

1
4
.
2
5
5
4
4
 

0
 

6
 

4
0
.
0
 -
 

14
0.

0 

33
 

31
.5

37
35

 
3
 

2
 

4
0
.
0
 -

 
14

0.
0 



bias and imprecision. Twenty-six of 144 analytical spikes were greater than

the analytical spike acceptance criteria of 125%. QCCS and/or continuing

calibration check samples were analyzed after the out-of-control spikes to

prove the system was in control. Recoveries were within limits for these QC

samples, so the laboratory assumed matrix effects influenced recovery and no

samples were reanalyzed.

Selenium by SW846 Method 7740 - - Analytical spikes for selenium

indicated bias and imprecision. Thirty-four of 144 analytical spikes had

recoveries less than the lower acceptance criteria of 75%. Analysis of QCCS

and/or continuing calibration check samples indicated the system was in

control and so matrix effects were assumed to cause recoveries less than the

minimum acceptance limit.

Metals by SW846 Method 6010 (ICAP) - - Matrix spike recoveries for

several metals by SW6O1O indicated some bias and imprecision. Silicon

recoveries were most heavily biased and imprecise (mean (standard deviation)

177% (170%)) with eight of 20 recoveries greater than the acceptance limit of

125%. Calcium spike recoveries indicate calcium recoveries are biased low and

are imprecise.

Nitrate by EPA Method 353.2 -- Matrix spike recoveries for nitrate

by E353.2 indicate little bias but slightly greater imprecision than expected.

Mean (std. dev.) recovery was 98% (22%). Three of 21 recoveries were below

the lower acceptance criteria of 80% and four recoveries were greater than the

upper acceptance criteria of 120%.

Halocarbons by EPA 601 - - Surrogate spike results for samples

analyzed for halocarbons by EPA 601 indicate bias towards high recovery for 1-

bromo-4-fluorobenzene. Mean recovery was 120% with six of 87 sample recoveri-

es were greater than the acceptance criteria limit of 140%.
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4.1.3.2 Surface Water Matrix

Generally, spike recoveries were within expected limits. Matrix

and surrogate spike recoveries are presented in Table 4-11 and Table 4-12,

respectively. Exceptions are discussed below by spike type and method.

Aromatics by EPA 602 - - Ten samples were spiked with the surrogate

l-bromo-4-fluorobenzene. Recoveries indicate a bias towards low recovery and

high imprecision. Five recoveries were below acceptance criteria limits of

40%. Mean (standard deviation) percent recovery was 70% (52%).

Lead by SW846 Method 7421 - - Analytical spike recoveries for lead

indicated bias and imprecision. Fourteen out of 24 samples had recoveries

greater than the upper acceptance criteria of 125%. Analysis of QCCS and/or

continuing calibration check samples indicated the system was in control and

so no samples were reanalyzed.

Selenium by SW846 Method 7740 - - Analytical spike recoveries for

selenium indicated bias and imprecision. Ten out of 24 samples had recoveries

less than the lower acceptance criteria of 75%.

Field QC Water Matrix

Spike recoveries were within expected limits. Matrix and surrogate

spike recoveries are presented in Table 4-13 and Table 4-14, respectively.

Field and Matrix Duplicates

Variability can be assessed against several components of a sam-

pling effort. For Carswell, sampling and analytical variability are the

primary components of total variability. Since samples were collected over a

short time period, temporal variability is assumed to be negligible. Also,
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the water systems are assumed to be fairly homogeneous at each location

throughout the base, so spatial variability for any duplicate pair is assumed

to be negligible. Using these assumptions, total variability is the variabil-

ity due to the sample effort and analytical effort combined and as such

indicate total measurement imprecision. Standard deviations and CVs for field

duplicates and matrix spike duplicates are pooled to estimate total variabili-

ty as a pooled standard deviation (pooled std. dev.) or pooled coefficient of

variation (pooled CV).

Variability due to the analytical method can be estimated using

predigestion duplicates. Although variability for these duplicates would

include natural matrix effects as well as method preparation and analysis

effects, comparison of predigestion duplicate results to field duplicate

results and matrix spike duplicate results can provide information about the

analytical system.

Total variability is discussed below for each method by matrix.

Ground Water

Generally, total variability for ground water was as expected.

Little information was available from field duplicates since many analytes

were not detected in samples. Also as expected, variability estimates

indicate greater relative variability when concentrations are near detection

limits and lesser relative variability when concentrations are significantly

greater than detection limits. Methods or analytes with large variability are

discussed below. Summarized results are presented in Table 5 of Appendix 1-1 of

the Flightline RI.

Arsenic by SW7060 - - Sixteen pairs of matrix spike duplicates were

analyzed for arsenic by Method SW7060. Variability was approximately 26% with

four matrix spike results outside acceptance criteria. Results outside

criteria suggest that although the average variability (pooled CV) was

reasonable, results may sporadically be more imprecise than expected.
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Two predigestion duplicate pairs were analyzed by SW7060 for

arsenic. Mean recoveries ranged from "not detected" to 0.033 mg/L. Variabil-

ity (expressed as CV%) was 33%.

Mercury by E245.l -- Twelve field duplicate pairs were analyzed for

mercury by Method E245.1. While variability was fairly high, pooled CV 60%,

it was not unreasonable because concentrations were very near detection

limits. Results ranged from "not detected" to 0.004L mg/L, concentrations at

which relative variability is very great as compared to absolute variability.

Sixteen matrix spike duplicate pairs were analyzed for mercury by

E245.l. Mean recoveries ranged from 87.5% to 105%. variability was ap-

proximately 5%.

Lead by SW7421 - - Twelve field duplicates were analyzed for lead by

Method SW7421. Mean concentrations ranged from both samples "not detected" to

0.81 mg/L. Variability (CV%) was 45%. Since these results are near the

detection limit it is not unexpected for relative variability to be higher

than expected.

Sixteen matrix spike duplicate pairs were analyzed for lead by

Method SW7421. Mean percent recoveries were widely variable ranging from 23%

to 132% with a pooled CV of 32%.

Two predigestion duplicate pairs were analyzed by SW7421 for lead.

Mean recoveries ranged from 0.012 mg/L to 0.079 nig/L. Variability (expressed

as CV%) was 89%.

Apparently, matrix affects contribute to variability but affect

measurement imprecision less than overall variability.

Selenium by SW7740 -- Sixteen matrix spike duplicate pairs were

analyzed for selenium by Method SW7740. Mean recoveries ranged from 39% to

96% with a pooled CV of 52%. At least one matrix spike recovery was less than
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acceptance criteria, thus increasing variability. Imprecision is assumed to

be solely due to matrix effects.

Hydrocarbons by E418.l -- Four field duplicate pairs were analyzed

by Method E418.l for hydrocarbons. Variability was greater than expected at

42%. However, mean concentrations ranged from "not detected" to only 8.5

mg/L. This relative variability may be due to concentration variability near

the detection limit.

Two matrix spike duplicate pairs were analyzed for hydrocarbons by

Method E4l8.l. Mean recoveries ranged from 88% to 90% with 7% variability.

Nitrate by E353.2 -- Three field duplicates were analyzed for

nitrate by Method E353.2. Total variability was 41% for means ranging from

0.095 mg/L to 0.740 mg/L.

Surface Water

Where data was available, total variability for surface water was

as expected. Little information was available from field duplicates since

many analytes were not detected in samples. Matrix spike duplicates were not

requested for surface water samples. Variability estimates indicate greater

relative variability when concentrations are near detection limits and lesser

relative variability when concentrations are significantly greater than

detection limits. Methods or analytes with large variability are discussed

below. Summarized results are presented in Table 5 of Appendix H of the

Flightline RI.

Lead by SW7421 - - Two field duplicate pairs were analyzed for lead

by Method SW7421 in surface water. Concentrations were very near detection

limits and as expected relative variability was high (CV = 42%).

Metals by SW6O1O (ICAP) - - Two field duplicate pairs were analyzed

for metals by SW6O1O. Total variability could not be estimated for several

analytes because of "not detected" results for all samples. Of the analytes
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that were detected, variability (expressed as CV%) ranged from 1% for stron-

tium to 132% for chromium. As expected variability was greatest for analytes

with concentrations near the detection limit.

Nitrate by E353.2 - - One field duplicate pair was analyzed by

Method E353.2 for nitrate in surface water. Variability was 116%.

4.1.4 Sample Collection Quality Control

The QA effort for sample collection was successful and data capture

complete. No samples were invalidated. Standard forms, methods, chain-of-

custody and hold times were generally followed as specified. However, some

chains-of-custody were not signed by the laboratory recipient.

4.1.4.1 Standard Forms

Standard forms taken from the Air Force IRP program were used to

log sample collection. Standard, bound, log books (used to log field data

associated with samples) and chain-of-custody forms (used to document custody

of samples from time of collection to reporting analytical results) were used

as specified in the QAPP. A discussion of the completeness of the sampling

follows. Sample log forms were used to record sample inventory data (eg.

location data, sample type, matrix, etc.). This data was entered into the

project database and the forms archived by the project geologist. Chain-of-

custody forms were filled out at the time samples were shipped from the field

to the lab and specified analyses to be performed on each sample, the relin-

quishing field team member, and the recipient for the laboratory. Some chain-

of-custody forms were not signed upon receipt at the lab. Sample numbers and

associated analyses are presented in Table 4-15.

While lack of a signature by a laboratory representative breaks the

physical chain-of-custody it may be assumed samples were handled appropriately

and results are valid estimates for chemical concentrations on each sample.

This assumption of valid custody is possible due to laboratory practices which
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TABLE 4-15. SAMPLES WITH UNSIGNED LABORATORY RECIPIENT
CHAIN-OF-CUSTODY

Sample ID Analysis Required

154 Chloride, Fluoride, TDS, NO3. 0P04, Metals

157 154 + MS

160 154 + MSD

163 Dissolved Metals, MS, MSD

168 Chloride, Fluoride, Sulfate, TDS

169 Nitrate, Orthophosphate

170 Total Metals

171 Dissolved Metals

174 Chloride, Fluoride, Sulfate, TDS

175 Chloride, Fluoride, Sulfate, TDS

176 Nitrate, Orthophosphate

177 Nitrate, Orthophosphate

178 Total Metals

179 Total Metals ÷ Analytical Duplicate

180 Dissolved Metals

181 Dissolved Metals + Analytical Duplicate

354 Chloride, Fluoride, Sulfate, TDS

355 Nitrate, Orthophosphate

356 Total Metals

357 Dissolved Metals

358 Hydrocarbons

361 Chloride, Fluoride, Sulfate, TDS

362 Nitrate, Orthophosphate

363 Total Metals

364 Dissolved Metals

365 Hydrocarbons

367 Chloride, Fluoride, Sulfate, TDS

368 Nitrate, Orthophosphate

369 Total Metals

370 Dissolved Metals

371 Hydrocarbons

374 Chloride, Fluoride, Sulfate, TDS
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include a picture of the samples as received and sample tracking in the

laboratory database. The laboratory database provides a valid means of

recording sample custody up through reporting of results and sample disposal.

Three samples were not analyzed as directed. These were samples

392, 393, and 354. These samples were collected again during field efforts.

Standard Methods

Standard methods were used for sample collection. Standard methods

used for chemical analysis were presented in Table 4-1.

Hold Times

Use of method-specified, standard, sample holding times controls

variability caused by samples being analyzed after constituents have partially

decomposed. Data regarding hold times (e.g., log data, date analyzed,

specified maximum hold time and actual day until analysis) are provided in

Table 6 in Appendix H of the Flightline RI. Sample 017 was analyzed by Method

601 one day over the hold time of 14 days. Trip blanks 050, 081, 093, 114,

and 359, to be analyzed by Method 602, were analyzed between three and seven

days over the seven day hold time. This problem does not invalidate results

of these trip blanks. As noted in the ITIR, trip blanks to be analyzed by

Method 602 were not acid preserved. Because they were not acid preserved the

hold times were seven days instead of 14 days as for the acid preserved field

samples to be analyzed by Method 602. Trip blanks are used to identify

contamination during shipping or during storage in the laboratory. Samples to

be analyzed for purgeable aromatics by Method 602 are preserved to prevent

biological degradation of the analytes of interest during storage (i.e.,

beyond the normal seven day holding time). Biological activity will depend on

a number of factors, such as natural biological populations, concentration of

compounds, mix of compounds, etc. Therefore, the extent to which the in-

tegrity of a given sample may be compromised by not analyzing within the seven

day hold time for an unpreserved sample may vary. Historically, trip blanks

for Method 602 analyses were not preserved so that the trip blank could be
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analyzed for Method 601 (where the sample is acid preserved) or Method 602

as needed for a project. Since the preparation procedure for trip blanks

renders the water practically sterile, it is generally assumed that bacterial

populations will not expand to natural levels within 14 days and thus

biological activity is minimal. Therefore, the results of these trip blanks

are considered usable and provide information about potential shipping and

handling contamination. However, it is recognized that as a worst-case

situation the Method 602 results of these trip blanks may be falsely low

(i.e., a false-negative result) due to biological degradation. And, as such,

low-level concentrations in natural samples shipped with these trip blanks may

in fact be due to shipping contamination. Natural samples possibly affected

are:

• TB 050: 044, 051, 063, 069, 070,

• TB 093: 087, 094, 100,

• TB 114: 108, 115, 121, 127, 128, 129, 140.

No results are invalidated due to hold time violation.

Concentrations of compounds in natural matrix samples should be considered

suspect as a false-positive if less than the maximum concentrations depicted

in Table 4-9.

4.2 East Area Chemical Analytical Results

Ground-water samples from 21 wells were collected for laboratory

analysis during April and May 1990. Four surface water samples were also

collected. All East Area wells are completed in the Upper Zone aquifer.

Figure 4-1 depicts the locations of all of the wells and surface water

locations sampled in the East Area. Each sample was submitted to Radian's

laboratory for the analysis of required volatile organic and inorganic

constituents. Both organic and inorganic constituents in concentrations

exceeding EPA primary drinking water standards (Maximum Contaminant Levels, or

MCLs) were detected in the East Area in past sampling efforts. Table 4-16
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TABLE 4-16. SUMMARY OF MCLs RELEVANT TO THE EAST AREA STUDY (1990),
CARSWELL AFB, TEXAS

Maximum Contaminant
Level (MCL)*

Final, Currently Final as of 1/30/91;

Analyte in Effect Effective Date - 7/30/92

Inorganics (mg/L)

Arsenic 0.05
Barium 1.0 2.0
Cadmium 0.01 0.005
Chromium 0.05 0.1
Fluoride 4.0 4.0
Lead 0.05

Mercury 0.002 0.002
Nitrate 10.0 10.0
Selenium 0.01 0.05
Silver 0.05

Organics (ug/L)

6001, 2-Dichlorobenzene
1, 2-Dichioroethane 5.0

1,2 -Dichloropropane 5.0

1,1, 1-Trichioroethane 200.0
1, 1-Dichioroethene 7.0

1, 2-Dichioroethane 5.0
1, 4-Dichlorobenzene 75.0
cis-l , 2-Dichioroechene 70

trans-i, 2- Dichioroethene 100
Carbon Tetrachloride 5.0

Ethylbenzene 700
Tetrachioroethene 5 . 0
Toluene 1,000
Trichloroethene 5.0

Vinyl Chloride 2.0

Xylenes (total) 10,000

tReferences:

40 CFR 141.11.

Federal Register, Vol. 52, No. 130, July 8, 1987.

Federal Register, Vol. 56, No. 20, January 30, 1991.
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lists the MCLs for those compounds for which analyses were performed in the

East Area.

Since the wastes and known contaminants vary from site to site, not

all samples were analyzed for the same suite of chemical constituents.

Therefore, the chemical analytical results of each site are most conveniently

discussed individually in the following subsections. An Informal Technical

Information Report (ITIR) with analytical summary tables, QA/QC data, sample

cross-reference tables and chain-of-custody forms for the recent ground-water

investigation at the East Area was provided to the U. S. Air Force HSD IRP

Program Office in September 1990.

4.2.1 Site LFO1 - Landfill 1

Review of Available Data

Six Upper Zone monitor wells have been installed at the site

(Figure 4-2). Recently, monitor well LFO1-lA was destroyed during construc-

tion activities. In previous IRP investigations the principal ground-water

contaminants identified at Site LFO1 were total metals, and to a lesser

extent, volatile organic compounds. In Stage 1, both total metals and

volatile organic compounds were identified at the site at concentrations below

MCLs. All volatile organic compounds identified were near instrument detec-

tion limit concentrations. Some soil samples, screened for oil and grease,

contained concentrations up to 50 milligrams per kilogram (mg/kg, or parts per

million).

All metals analyses performed in previous site investigations were

for total metals. In the Stage 2 investigation, several metals were detected

as total concentrations exceeding their MCLs in both rounds of sampling.

Selenium, arsenic, barium, cadmium, chromium, and lead were each detected

above their MCL in one or more samples. All of the metals identified were

detected in monitor wells LFO1-1E and LFO1-lF. Only chromium and cadmium were

detected in other wells.
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Figure 4-2. Location of Wells Sampled at Site LFO1, Carswell AFB, Texas
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Based on these data, no discrete metals contaminant plumes were

identified due to the limited number of wells and the varying distribution of

metals detected. However, because the metals identified in Stage 2 were

generally found in higher concentrations in the downgradient wells (LFO1-1E

and LFO1-1F) relative to background concentrations, the source of the metals

was suspected to be Landfill 1.

Volatile organic compounds were detected in both rounds of ground-

water samples collected during Stage 2. Trichloroethene (TCE) and vinyl

chloride were detected in several wells at levels below their MCLs. No

definable volatile organics contaminant plume was identified beneath Site

LFO1, as the distribution of detected compounds was sporadic, and the detected

concentrations were very low. In the first round of sampling (February 1988),

oil and grease was detected in concentrations below 1 mg/L, but was below the

detection limit in all second round ground-water samples (April 1988). As a

result, oil and grease contamination was not considered significant.

East Area Study - 1990 Results

Table 4-17 lists the volatile organic and inorganic constituents

for which analyses were performed during the Spring 1990 sampling round at

Site LFO1. Table 4-18 presents a list of all volatile organic compounds whose

presence was confirmed by second column analysis, along with the con-

centrations detected and the detection limits. A summary of the inorganic

analytical results for all wells sampled at Site LFO1 is presented in Table

4-19.

Results of Volatile Organic Compounds Analyses--Vinyl chloride,

cis-1,2-dichloroethene, and chlorobenzene were detected in ground-water

samples from Site LFO1 (Table 4-18). Of these, only vinyl chloride was

detected in more than one well and at a concentration above 1 ig/L. The

detection limits for these compounds ranged from 0.20 to 0.25 pg/L. Conse-

quently, in each case where one of these compounds was detected, the con-

centration of the compound was at or below five times its detection limit. At

such levels, the concentrations are considered approximate.
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TABLE 4-17. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE LFO1, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 1, 1-Trichioroethane Aluminum Chloride
1,1,2, 2-Tetrachioroethane Antimony Fluoride
1,1,2-Trichioroethane Arsenic Nitrate as N
1, 1 -Dichioroethane Barium Orthophosphate
1, 1-Dichioroethene Beryllium Sulfate
1,2-Dichlorobenzene Boron Total Dissolved
1,2-Dichioroethane Cadmium Solids
1 , 2 -Dichloropropane Calcium
1, 3-Dichlorobenzene Chromium
l,4-Dichlorobenzene Cobalt
2-Chioroethylvinyl ether Copper
Bromodichioromethane Iron
Broinoform Lead
Bromomethane Magnesium
Carbon tetrachioride Manganese
Chlorobenzene Mercury
Chloroethane Molybdenum
Chloroform Nickel
Chloromethane Potassium
Dibromochioromethane Selenium
Methylene chloride Silicon
Tetrachioroethene Silver
Trichloroethene Sodium
Trichiorofluoromethane Strontium
Vinyl chloride Thallium
cis- 1, 2-Dichloroethene Vanadium
cis - 1,3 -Dichloropropene Zinc
trans-i, 2 -Dichloroethene

trans -1, 3 -Dichioropropene
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TABLE 4-18. SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN UPPER ZONE
GROUND WATER,' SPRING 1990, SITE LFO1, CARSWELL AFB, TEXAS

Well No. Analyte

Concentration2

(zg/L)

Detection
Limit (g/L)

LFO1-1C Chlorobenzene 0.36 0.25

LFO1-lC Vinyl Chloride 0.58 0.20

LFO1-lC cis-l,2-Dichloroethene 0.27 0.20

LFO1-1F Vinyl Chloride 1.1 0.20

LFO1-lF cis-l,2-Dichloroethene 0.47 0.20

Notes:

'All other analyzed organic compounds (Table 4-2) were non-detectable.

2Confirmed result by second column analysis.
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The highest concentration of vinyl chloride detected in the Spring,

1990 sampling event was 1.1 pg/L in monitor well LFO1-1F. Monitor well LFO1-

1C, the only other well in which vinyl chloride was detected, had a con-

centration of 0.58 pg/L. Vinyl chloride was also detected in monitor well

LFO1-1C following the April 1988 sampling event at a concentration of less

than 1 jzg/L. The significance of the volatile organic compounds identified at

LFO1 is discussed in Section 4.3.1.

Results of Metals Analyses- -No metals were detected above their

respective MCLs in the 1990 sampling event. However, all species but selenium

were present in detectable concentrations. The potential for metals con-

tamination at Site LFO1 is discussed in Section 4.3.1.

4.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Review of Available Data

In the Phase II Stage 1 investigation of Site SD13, several surface

water samples and grab ground-water samples from three soil borings were

analyzed. The results of these analyses indicated the presence of metals, oil

and grease, and volatile organic compounds. The Stage 2 investigation focused

on surface water only. Analytical results from Stage 2 suggested low level

metals and volatile organic compounds contamination in the surface water. Oil

and grease was also detected at low levels in all samples. It was observed in

Stage 2 that contaminant concentrations decreased in a downstream direction,

suggesting material entering the upstream oil/water separator through the

french drain system as the principal contributor. The approximate locations

of the french drain and the oil water separator with respect to Site SD13 are

depicted in Figure 4-3.

Benzene and toluene were the most widespread volatile organic com-

pounds detected in the surface water samples analyzed during Stage 2, with

benzene detected in all samples collected in the first round of sampling. The
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Figure 4-3. Location of Newly Installed Wells and Surface Water Sampling
Locations and Approximate Locations of French Drain and

Oil/Water Separator, Site SD13, Carswell AFB, Texas
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highest concentration of benzene detected was 120 jg/L. Toluene was present

at concentrations up to 19 pg/L. No benzene was detected in the second round

of sampling during Stage 2.

East Area Study - 1990 Results

During this investigation, four monitoring wells were installed and

sampled, and four surface water samples were collected for analysis. The

locations of the wells and the surface water sampling points are shown on

Figure 4-3. Based on previous analytical results, ground-water and surface

water samples from Site SD13 were analyzed for the volatile aromatic compounds

and inorganic constituents listed in Table 4-20. Tables 4-21 and 4-22 present

summaries of the volatile organic compounds detected in ground-water and

surface water samples, respectively. Tables 4-23 and 4-24 summarize inorganic

analytical results for Site SD13 ground-water and surface water samples,

respectively.

Results of Volatile Organic Compounds Analyses- -Volatile organic

compounds were detected in three wells and in all surface water samples

collected during the 1990 sampling event, but none of the concentrations

exceeded MCLs. Benzene was detected in only one well, SD13-Ol, at the sample

detection limit concentration of 2.0 pg/L. Consequently it should be treated

as an approximate value. Benzene was also detected in three of the four

surface water samples, but all concentrations were less than five times the

detection limit. The highest level of benzene detected in the surface water

samples was 0.31 JLg/L.

Toluene was detected in two ground-water samples and in one surface

water sample. The maximum concentration of toluene occurred in monitor well

SD13-03 (59.0 g/L). Other volatile organic compounds detected in ground-

water or surface water samples included chlorobenzene, l,3-dichlorobenzene,

xylenes (total), l,4-dichlorobenzene and ethylbenzene. The extent of the

volatile organic compounds present in ground water at Site SD13 is addressed

in Section 4.3.2.
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TABLE 4-20. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER AND SURFACE WATER, SITE SD13, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 2-Dichlorobenzene Aluminum Chloride
1, 3-Dichlorobenzene Antimony Fluoride

l,4-Dichlorobenzene Arsenic Nitrate as N
Benzene Barium Orthophosphate
Chlorobenzene Beryllium Sulfate

Ethylbenzene Boron Total Dissolved
Toluene Cadmium Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc
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Results of Metals Analyses- -No metals were detected in either the

unfiltered or the filtered ground-water samples in excess of MCLs (Table

4-21). Metals were detected in all of the surface water samples collected.

However, only two surface water samples contained metals in excess of MCLs

(SD13-Sl and SD13-S2). The highest metals concentrations were detected in

SD13-Sl, the farthest upstream sample (Figure 4-3). In this sample, total

selenium was detected at 30 mg/L, and total arsenic was detected at 0.086

rng/L. In sample SD13-S2, total arsenic was detected at 0.052 mg/L and total

lead was detected at 0.066 mg/L. Both of these concentrations in SD13-S2

occurred in the unfiltered sample and are slightly above their respective

MCLs. Arsenic, barium and lead were detected in each of the SD13 surface

water samples (Table 4-22).

Of the three metals species which exceeded their MCLs, only

selenium was detected above the MCL in the dissolved metals analysis. This

concentration was subsequently determined to be a reporting error and the

actual dissolved selenium concentration was below detection. The extent and

significance of metals in the surface water at Site S13 is discussed in

Section 4.3.2.

4.2.3 Site ST14 - POL Tank Farm

Review of Available Data

Grab water samples collected from soil borings at Site ST14 were

screened for Total Organic Carbon (TOG), oil and grease, and Total Organic

Halogens (TOX) in the Stage 1 investigation. All parameters were above

detection limits in one or more samples. In Stage 2, monitor wells were

installed and a soil gas survey was performed. A hydrocarbon odor was

noticeable during drilling. Analytical results indicated the presence of

metals and volatile aromatic compounds at the site. One of the principal

contaminants identified at the site was benzene, which was detected in a

ground-water sample from one well at a concentration of 11,000 pg/L. In

addition, arsenic, lead, barium, cadmium and chromium were all identified in

the total metals analyses at concentrations exceeding MGLs.
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East Area Study - 1990 Results

Four new ground-water monitoring wells were installed in 1990. The

new and existing wells were sampled for the volatile aromatic compounds and

inorganic parameters listed in Table 4-25. Figure 4-4 depicts the location of

all of the sampled wells. Table 4-26 presents a sunimary of the volatile

organic compounds analytical results, and Table 4-27 sunuuarizes the inorganic

analytical results for Site ST14.

Results of Volatile Organic Compounds Analyses- -Several volatile

aromatic compounds were detected at Site ST14. These included ethylbenzene,

benzene, chlorobenzene and total xylenes. Ethylbenzene was the most common,

being detected in six of the nine wells sampled, and having a maximum con-

centration of 35 pg/L in monitor well ST14-04. The next highest concentration

detected was less than 5 ug/L. The final MCL for ethylbenzene was promulgated

on 30 January 1991 and is 700 pg/L (Table 4-16); however, it will not be

effective until July 1992.

Benzene was detected in four of the nine wells sampled at Site

ST14. The MCL for benzene was exceeded in one well, ST14-l7M. A concentra-

tion of 11,000 jg/L benzene was detected in this well during the first round

of sampling during the Stage 2 investigation; however, no benzene was detected

in the second round sample from this well. Other wells in which benzene was

detected during the 1990 sampling event include ST14-17J (3.8 pg/L), ST14-03

(1.3 jig/L), ST14-17L (0.65 pg/L), and ST14-17K (0.50 ig/L). The interpreted

distribution of benzene and other volatile organic compounds detected in the

ground water below Site 5T14 is discussed in Section 4.3.3.

Total xylenes and chlorobenzene were also detected at Site ST14.

Xylenes were detected in three wells, ST14-03, ST14-04 and ST14-l7M. Xylenes

were also detected in the duplicate sample collected at monitor well ST14-17J.

The highest concentration of total xylenes was 300 pg/L in ST14-17M. As in

the case of ethylbenzene, the final MCL for total xylenes (10,000 pg/L) was
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TABLE 4-25. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED IN
GROUND WATER, SITE ST14, CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 2-Dichlorobenzene Aluminum Chloride
1, 3 -Dichiorobenzene Antimony Fluoride

l,4-Dichlorobenzene Arsenic Nitrate as N
Benzene Barium Orthophosphate
Chlorobenzene Beryllium Sulfate

Ethyibenzene Boron Total Dissolved
Toluene Cadmium Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thai 1 ium

Vanadium
Zinc
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Figure 4-4. Location of Wells Sampled at Site ST14, Carswell AFB, Texas
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recently promulgated and is not currently in effect (Table 4-16). Chloroben-

zene was detected in only two monitor wells, at a maximum concentration of

38.0 pg/L (ST14-l7M). The highest concentrations of benzene, chlorobenzene

and total xylenes were all found at monitor well ST14-17M. Over 2 feet of

free product was also present in this well during the 1990 sampling event.

Results of Metals Analyses- -Numerous metal species were detected in

the ground water at Site ST14. However, only two metals were detected above

their MCLs. Lead exceeded the MCL in three wells, at a maximum concentration

of 0.69 mg/L (total lead). Total chromium exceeded its MCL in one well, with

a concentration of 0.066 mg/L. The MCL for both lead and chromium is 0.05

mg/L. Both total lead (AA analysis) and total chromium were detected above

their MCLs in monitor well ST14-04. However, total lead by ICPES analysis on

the same sample was below detection.

Monitor wells ST14-l7M and ST14-02 were the other wells in which

lead was detected above the MCL. Dissolved lead was reported slightly above

its MCL in the AA analysis of the filtered sample collected from monitor well

ST14-02. However, the corresponding reported total concentration was below

the MCL; and both of the ICPES results (total and dissolved) were below the

detection limit of 0.05 mg/L. Only one other sample collected from any East

Area site (SD13-Sl) had any dissolved metal concentration over the MCL. The

occurrence of lead at Site ST14 is discussed in Section 4.3.3 of this report.

4.2.4 Site BSS - Base Service Station

Review of Available Data

Metals and volatile aromatic compounds were identified as con-

taminants of concern during previous investigations at Site BSS. Total

concentrations of lead and chromium were detected in unfiltered samples from

each of the three wells at the site at levels above their MCLs. Total arsenic

also exceeded its MCL. Figure 4-5 shows the Site BSS monitor well locations.
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Benzene, ethylbenzene, toluene and xylenes were all detected at

Site BSS. Benzene, ethylbenzene and toluene were detected in monitor well

BSS-B in excess of their respective MCLs in both rounds of Stage 2 sampling.

Benzene was detected at 4,400 jg/L in the first round. Lower levels of all

three compounds (below MCLs) were also detected in the other two BSS wells.

East Area Study - 1990 Results

Results of Volatile Organic Compounds Analyses- -Site BSS was

sampled for the same suite of volatile aromatic compounds as Sites SD13 and

ST14. Table 4-28 lists the organic and inorganic parameters for which

analyses were performed. No volatile organic compounds were detected in

either BSS-A or BSS-C. The data appear to confirm the findings of Stage 2,

that volatile organic contamination at Site BSS is very localized, and is

centered around monitor well BSS-B. Table 4-29 summarizes the analytical

results for volatile organic compound at Site BSS.

Benzene, toluene and total xylenes were detected in the ground-

water sample collected from monitor well BSS-B, and each of these compounds

was detected above its MCL. Benzene was detected at 3,200 pg/L (similar to

the concentration detected in Stage 2). Toluene and total xylenes were

detected at 16,000 and 15,000 pg/L, respectively. Final MCLs for toluene and

total xylenes are not as yet in effect.

Results of Metals Analyses- -Numerous metals species were identified

in the ground water from Site BSS wells (Table 4-30). Arsenic, barium, lead

and zinc were detected in all wells.

Total concentrations of lead, chromium and arsenic were detected

above their MCLs in unfiltered samples collected during Stage 2, however,

these nor any other metals were detected above their MCLs in any of the

filtered samples collected during the 1990 sampling event. Only one unfil-

tered sample (SS-C) contained total cadmium in excess of its MCL, with a con-

centration of 0.011 g/L. No dissolved cadmium was detected in the correspon-

ding filtered sample. The significance of these results with respect to
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TABLE 4-28. LIST OF VOLATILE ORGANIC AND INORGANIC PARAMETERS ANALYZED
IN GROUND WATER, BASE SERVICE STATION (SITE BSS),
CARSWELL AFB, TEXAS

Organic Parameters

Inorganic Parameters

Metals Non-Metals

1, 2 -Dichlorobenzene
1, 3 -Dichlorobenzene

l,4-Dichlorobenzene
Benzene
Chlorobenzene

Ethylbenzene
Toluene

Aluminum

Antimony
Arsenic
Barium

Beryllium
Boron
Cadmium

Chloride
Fluoride
Nitrate as N

Orthophosphate
Sulfate
Total Dissolved
Solids

Xylenes (Total) Calcium
Chromium
Cobalt

Copper
Iron
Lead

Magnesium
Manganese
Mercury
Molybdenum
Nickel
Potassium
Selenium
Silicon
Silver
Sodium
Strontium
Thallium
Vanadium
Zinc
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potential metals contamination at Site BSS is discussed in Section 4.3.4.

Volatile organic compound contamination is also discussed in Section 4.3.4.

4.3 Extent of Contamination

The following subsections address the extent of Upper Zone ground-

water contamination at the East Area sites investigated in the 1990 study.

4.3.1 Site LFO1 - Landfill 1

Volatile organic compounds were detected in two wells at Site LFO1,

but the concentrations were below MCLs. Therefore these data are consistent

with previously obtained data and provide no basis for inferring the existence

of a ground-water contamination plume. Since metals were not detected in

excess of MCLs, the previously suspected metals contamination is not supported

by the most recent data. Although the high precipitation that occurred during

the 1990 effort may have resulted in some dilution of normally occurring waste

constituent concentrations in ground water, no coherent contaminant plume was

ever associated with Landfill 1.

4.3.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Volatile organic compounds were detected in ground-water samples

from three wells and in each of the Unnamed Stream surface water samples, but

no MCLs were exceeded. Most of the confirmed concentrations of volatile

organic compounds were less than five times the detection limit and there are

no patterns of volatile organic compound occurrence with respect to either

well location or sampling events.

The most recent inorganic analytical results do not suggest metals

contamination of the Upper Zone ground water at SD13. As in the case of Site

LFO1, no metals were detected above MCLs in the 1990 sampling round; however,

the same uncertainty regarding the possible effects of high precipitation

applies.

4-73



Two surface water analyses showed that arsenic and lead exceeded

their respective MCLs, with arsenic exceeding the MCL in both samples. All

results above MCLs reflect total concentrations. A reported dissolved

selenium concentration above the MCL in one surface water sample is erroneous

and should have been reported as "ND."

4.3.3 Site ST14 - POL Tank Farm

Benzene, ethylbenzene, chlorobenzene, toluene and total xylenes

were detected in the ground water at Site ST14. Of these, ethylbenzene was

the most common. Benzene was the only volatile organic compound detected at a

concentration which exceeded its MCL.

During Stage 2, a contaminant plume map was prepared for total

volatile organic compounds at Site ST14 based on a soil gas investigation

conducted in the area. The contamination underlying Site ST14 and vicinity

appeared to be divided into two regions; the first associated with Tanks 1156

and 1157, and the second associated with the adjacent fuel loading facility.

Ground-water contaminant occurrence and concentrations of volatile organic

compounds corroborated the existence and the areal distribution of the plume

interpreted from the soil gas survey. Figure 4-6 depicts the volatile organic

plume map prepared for Stage 2.

Figure 4-7 depicts the probable extent of benzene contamination at

Site ST14, based on the most recent analytical data and the distribution of

soil gas determined in the Stage 2 survey. As in Stage 2, two separate ac-

cumulations of benzene are suggested. These plumes are roughly coincident

with the two plumes interpreted during Stage 2. Monitor well ST14-l7M,

located at the center of the benzene plume beneath the fuel loading facility,

had the highest concentration of benzene (16.0 pg/L), and the only detected

concentration in excess of the MCL. Over two feet of free product was
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encountered in ST14-l7M during the 1990 sampling event. The highest con-

centrations of chlorobenzene, toluene and total xylenes were also detected in

this well.

Figure 4-6 suggests that the maximum downgradient limit of the

benzene plume associated with the fuel loading facility may occur north of

monitor wells ST14-02 or ST14-04 where no benzene was detected. However, due

to the distance between these two wells and the uncertainty with regard to the

site-specific direction of ground-water flow, this interpretation is not

conclusive. The benzene plume associated with Tanks 1156 and 1157 is

adequately defined, as no benzene was detected in downgradient monitor wells

ST14-l71 or ST14-17K. The well in which the maximum concentration of ethyl-

benzene was detected (35 g/L) was ST14-04, the farthest downgradient well at

the site. No ethylbenzene was detected at monitor well ST14-l7M.

Chromium was detected above its MCL in only one well at Site ST14,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, but only one was in

the dissolved metals analysis and it is considered suspect (see discussion in

Section 4.2.3).

As previously discussed, total metals concentrations are not

completely representative of actual water quality. Therefore, a single

dissolved lead concentration above the MCL would not necessarily indicate

ground-water contamination, even if it were not suspect. However, if the most

recently obtained analytical results are abnormally low due to high precip-

itation, there is a low probability that a plume could exist. In this

scenario, the maximum downgradient extent of the postulated lead contamination

at Site ST14 might be delineated by adjacent Site SD13, where no monitor well

samples contained lead in excess of the MCL.

4.3.4 Site BSS - Base Service Station

Both volatile organic compounds and metals were identified at Site

BSS. In the Stage 2 investigation, the volatile organic compounds were
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detected primarily in monitor well BSS-B. In samples collected during the

Spring 1990 sampling event, volatile organic compounds were detected only in

monitor well BSS-B. Because of the localized nature of the volatile organic

contamination detected previously and in the 1990 study, the underground

storage tank adjacent to monitor well BSS-B is considered the most likely

source of the observed contamination.

Cadmium was detected above the MCL at 0.011 pg/L in monitor well

BSS-C in the total metals analysis. Cadmium was not detected in any adjacent

well, or in the filtered sample (dissolved metal fraction) from the same well.

Therefore, no ground-water contamination by cadmium at the site, barring

significant dilution effects due to high precipitation during the 1990

sampling event, is interpreted.
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5.0 CONTAMINANT FATE AND TRANSPORT

The purpose of this section is to discuss the migration and persis-

tence of contaminants in ground water and surface water of the East Area at

Carswell AFB. The contaminants discussed in this section are limited to those

volatile organic compounds and metals detected in concentrations exceeding MCL

values. Both total and dissolved metals concentrations were considered, even

though the possibility of significant metals contamination at any of the sites

is very remote, based on the 1990 analytical results.

Ground-water sampling and analysis conducted in the East Area

identified two areas of volatile organic contamination in Upper Zone ground

water. Lead and chromium were detected above the MCL in one or more ground-

water samples from the POL Tank Farm, but all but one lead analysis were for

total concentrations. Similarly, one sample from Site BSS had a total cadmium

concentration above the MCL. Total lead and total arsenic were also detected

above their MCLs in surface water samples from Unnamed Stream. Overall

concentrations of both volatile organic and inorganic constituents in ground-

water and surface water samples were generally lower than concentrations for

the same analytes in previous IRP studies. This trend may be the result of

natural attenuation, however, it should be noted that the weeks immediately

preceding the Spring 1990 sampling event were characterized by abnormally high

precipitation (and flooding). The resultant increase in infiltration and

recharge may have had the effect of diluting contaminants, resulting in lower

concentrations for detected constituents.

The following paragraphs summarize the persistence and migration of

the analytes detected above MCLs in the East Area. The fate of these constit-

uents is discussed below (Section 5.1). The primary pathways of migration

(transport) are discussed on a site by site basis in Section 5.2.

5.1 Fate of Main Constituents in the East Area

Benzene and lead were the principal ground-water constituents

occurring in excess of MCLs in the East Area sites. Total concentrations of
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arsenic and lead were also identified above MCLs in the surface water at Site

SD13. In general these constituents exhibit the following characteristics

relative to fate in ground-water and/or surface water systems:

• Benzene has a very high solubility in water, and is relatively

inactive chemically. Volatilization is the principal means of

removal of benzene from ground water, followed by slow biodeg-

radation.

• Lead may be removed from the ground water up to 100 percent by

the formation of organic complexes and other compounds with a

high affinity to adsorb onto soil grains and/or a low solubil-

ity coefficient. As such, lead will tend to accumulate in

near source soils. Lead in surface water may also be removed

through bioaccumulation.

• Arsenic has an extremely high chemical activity, and cycles

through the surface water system by sorption and desorption

from soil grains and the formation of various compounds and

complexes. Due to this high activity, little arsenic is

removed from the surface water by these processes. Arsenic

may be removed from surface water by bioaccumulation.

5.2 Contaminant Transport Pathways

Following is a site-by-site discussion of the various contaminants

found in the East Area and the transport mechanisms through the ground-water

and surface water systems.

5.2.1 Site LFO1 - Landfill 1

Recent ground-water sampling results show very low levels (below

MCLs) of vinyl chloride and cis-l,2-dichloroethene (l,2-DCE) in wells LFO1-lC

and LFO1-1F. Ground-water sampling in 1988 also showed very low levels of

trichloroethene (TCE) and vinyl chloride.
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Since there is no historical record indicating usage of cis-l,2-

dichioroethene or vinyl chloride at Carswell AFB, the small quantities of

these compounds in ground water are likely the result of the chemical and

biological breakdown of TCE, which was detected in the 1988 study.

Although several metals were detected in the ground water at con-

centrations exceeding MCLs during the 1988 investigation, their occurrences

were sporadic and no plume could be defined (Radian, 1989). There were no

metals (dissolved or total) detected above MCLs in the 1990 sampling.

Conclusions

The low levels of volatile organic compounds in the Upper Zone

ground water would be expected to move downgradient to the east, toward the

Trinity River (Figure 3-11). Shallow ground-water flow near the Trinity River

will probably be discharged at the surface as broadly diffuse seepage that is

consumed by evapotranspiration. There is no visual evidence of seepage at the

land surface between Site LFO1 and the river. Shallow ground-water flow will

not be downward to deeper aquifers or laterally beyond the Trinity River. Any

contaminants which reach the river via ground-water migration are subject to

dilution and movement with the surface flow downstream. Any VOCs present in

surface water will be subject to volatilization to the air. Since the

detected concentrations of volatile organic compounds are already (in most

cases) at levels less than five times their detection limits, it is unlikely

that these compounds would be detectable following their introduction into the

Trinity River. No metals (dissolved or total) were detected above MCLs at the

site.

5.2.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water- -Laboratory analyses of ground-water samples

from the four monitor wells did not reveal volatile organic compounds ex-

ceeding MCLs. Toluene (12.0 pg/L) was found at monitor well SD13-Ol but no

toluene was detected in monitor wells immediately hydraulically downgradient

(SD13-03 and -04). No MCL was exceeded by any metal in any of the shallow

ground-water samples collected in Spring 1990 at Site SD13.
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Unnamed Stream- -Very low levels of several volatile aromatic

compounds were detected in the June 1990 sampling of the Unnamed Stream. The

highest detected concentration of benzene was 0.31 pg/L, which is slightly

above the detection limit (0.20 pg/L). Concentrations of aromatic compounds

detected in the 1990 sampling do not decrease significantly with distance

downstream. In contrast to these low levels, sampling and analyses of the

Unnamed Stream in 1988 revealed benzene concentrations ranging from 39 to 120

pg/L. Concentrations of dissolved lead and arsenic did not exceed MCLs in the

upper reach of the Unnamed Stream; however, concentrations of the total

species were above MCLs at the same locations.

Conclusions

Shallow Ground Water- - Investigative activities conducted in 1985

revealed high levels of organic compounds in the ground water underlying the

paved lot, probably originating from petroleum hydrocarbons. However, based

on the 1990 volatile organic compound analytical results, the abandoned gaso-

line station does not appear to be contributing appreciable organic con-

tamination to the shallow ground-water system. Any contaminants in the ground

water would be expected to move hydraulically downgradient, eventually

entering either the oil/water separator and Unnamed Stream or Farmers Branch

itself where the initially low concentrations would be further diluted. Still

more dilution of contaminants would result as Farmers Branch flows into the

West Fork of the Trinity River less than one-half mile from Site SD13. Any

VOCs entering Farmers Branch and the Trinity River would be subject to

volatilization to the air. No metals were detected above MCLs in the shallow

ground water at Site SD13.

Unnamed Stream- -No volatile organic compounds were detected above

MCLs in the Unnamed Stream. The results of the laboratory analysis for

inorganic constituents suggest that metals in the Unnamed Stream are preferen-

tially adsorbed to sediments rather than occurring primarily dissolved in the

surface water. This mode of transport (i.e., adsorbed to sediment) would

result in slower migration of contaminants downstream than for the dissolved

phase, and would be slower than the actual surface water flow rate. As
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evidenced by the lower dissolved and total concentrations of arsenic and lead

in the downstream water samples, the metals apparently tend to accumulate in

the stream bed sediments. The presence of iron oxides, initially identified

coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggests that precipitation of metals is active in the stream sediments. The

removal of metals such as lead and arsenic is enhanced by this process, as

these metals commonly co-precipitate with or are adsorbed onto hydrous iron

oxide compounds. Both lead and arsenic are generally nonvolatile and will

tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As

long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reach of the stream.

5.2.3 Site ST14 - POL Tank Farm

The RI/FS Phase II Stage 2 investigation (Radian, 1989) of the POL

Tank Farm site encountered aromatic hydrocarbons (associated with petroleum

products) in both the soil and shallow ground water. The hydrocarbons

occurred near tanks 1156 and 1157 in the tank farm and near monitor well ST14-

17M in the fuel loading area.

Benzene, the only organic compound detected at a concentration

exceeding its MCL, occurred in one ground-water sample (from well ST14-17M) at

a concentration of 16 ig/L. Other organic compounds detected at multiple

locations in the ground-water samples from Site ST14 were ethylbenzene and

xylenes, although in concentrations lower than MCLs. Also, over two feet of

viscous, black hydrocarbon waste was observed floating on the ground-water

surface in monitor well ST14-17M. It was the only well sampled at Carswell

AFB that contained an observable free-phase lens. The probable extent of

benzene in the ground water at Site ST14 is shown in Figure 5-1.

Lead was the only inorganic compound detected in ground water above

the MCL during the June 1990 sampling event. Total lead was detected in con-

centrations up to 0.69 mg/L in the unfiltered sample from monitor well

5-5



Figure 5-1. Map of Site ST14 With Probable
Ground Water (Spring 1990)
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ST14-17M by ICPES analysis. However, the atomic absorption analysis for the

same well detected only 0.39 mg/L total lead, highlighting the variability of

results from unfiltered samples.

Of the three wells with total lead concentrations above the MCL,

only one filtered sample (ST14-02) had a dissolved concentration in excess of

the MCL, and that concentration is suspect for reasons discussed previously.

Ground-water sampling at the four wells at Site SD13, hydraulically down-

gradient of Site ST14, resulted in dissolved lead being detected in only one

filtered sample, and the concentration was below the MCL.

Conclusions

The estimated average Upper Zone ground-water flow velocity at the

POL Tank Farm is approximately 0.3 feet per day. Also, examination of Figure

3-8 indicates shallow ground-water flow toward the southeast, or Farmers

Branch. Therefore, benzene in the shallow ground water at Site ST1L4. is

expected to migrate with the shallow ground water toward Farmers Branch.

Volatilization and degradation of benzene from the ground water will tend to

decrease the concentration of benzene as it moves downgradient, assuming there

are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be

diluted by the stream, and increased volatilization would occur. Benzene from

the site, however, would be expected to pass through the french drain system

and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,

the nonvolatile nature of the metal, and the affinity of the metal to adsorb

onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.
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5.2.4 Site BSS - Base Service Station

The recent (1990) investigation at the Base Service Station was

limited to ground-water sampling of the three existing monitor wells. The

RI/FS Stage 2 investigation (Radian, 1989) resulted in the detection of

volatile organic compounds at monitor well BSS-B, which is located near an

underground fuel storage tank. The recent ground-water sampling (May, 1990)

confirmed earlier findings as ground water in monitor well BSS-B again had

elevated levels of volatile organic compounds. Benzene (3,200 pg/L), toluene

(16,000 jg/L), and total xylenes (15,000 Mg/L) were found in monitor well BSS-

B. These compounds were not detected in the other two wells sampled at the

BSS site.

Cadmium was detected in an unfiltered sample from one well, BSS-C,

at a level above its MCL, (0.011 mg/L). No cadmium was detected in the

filtered sample (dissolved species) from this well. In addition, no other

metals were found above their MCLs in samples from wells at the site.

Conclusions

Migration of volatile organic compounds in the shallow ground water

would be toward the Trinity River, as suggested by the potentiometric surface

map of the site (Figure 3-8). However, the permeable water-bearing sands

observed at BSS-B are not present in the lithologic log of BSS-D (Figure 3-

18), located downgradient, or east, of Site BSS. Therefore, ground-water flow

velocities are probably less east of monitor well BSS-B. Nonetheless, con-

taminants could still potentially migrate toward the Trinity River in the

lower permeability materials.

The principal fate of the volatile organic compounds detected in

the ground water at well BSS-B would be volatilization to the atmosphere.

This could occur as the ground water moves toward the Trinity River or upon

entering the river. Insufficient downgradient well control precludes deter-

mination of the maximum contaminant extent. Metals contamination is not of

concern at the Base Service Station since no cadmium was detected in the
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filtered sample in monitor well BSS-C and no other metals were found above

their MCLs in samples from wells at this site.
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6.0 BASELINE RISK ASSESSMENT

Selection of Indicator Chemicals

Sampling and analysis of soil and water from the East Area IRP

sites has resulted in a large number of chemical substances being detected.

Conducting a baseline risk assessment that included every detected chemical

would be unnecessarily time consuming. The baseline risk assessment for the

East Area sites is therefore based on selected indicator chemicals that pose

the greatest potential risks, a methodology endorsed by the U.S. EPA for

evaluation of the health impacts of waste sites (U.S. EPA, 1986). At the time

this study was done, current EPA guidance on Superfund risk assessments (U.S.

EPA, 1989) was not available. All data generated in the 1988 program are

summarized and discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian,

1989) and are provided in data tables in the IRP stage 2 ITIR (Radian, 1988).

The data from the 1990 study are presented in the ITIR (Radian, (l990d) and

corresponding data quality discussions are presented in Section 4.1 of this

report.

Indicator chemicals for each site were selected from approximately

80 chemicals known to be present in the East Area, according to procedures

documented in Health Evaluation Manual (U.S. EPA, 1986). The selection

process, based on both 1988 and 1990 analytical results of soil, ground water,

and/or surface water samples from each site, resulted in the generation of

lists of site-specific indicator chemicals. The indicator chemical selection

process is explained in detail in the IRP Stage 2 RI/FS Final Draft Report

(Radian, 1989).

Some of the indicator chemicals,'particularly those detected at

very low concentrations, may be the result of matrix interferences or sample

cross-contamination. No analysis for semivolatile compounds was performed in

1990 and the low levels of bis(2-ethylhexyl)phthalate, the only semivolatile

organic indicator parameter detected previously in the East Area, are

suspected as being artifacts of sampling or laboratory contamination. As

already discussed, dissolved metals concentrations in ground water and surface
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water samples, determined only in the 1990 effort, were, with only minor

exceptions, below MCLs and do not suggest a metals contamination problem.

Nevertheless, all of the identified indicator chemicals were included in the

risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.

Source and Release Characterization

Possible mechanisms of contaminant release applicable to one or

more of the East Area IRP sites include: 1) volatilization to the air,

2) fugitive dust generation, 3) leachate to ground water, 4) surface runoff,

5) direct release to surface water, and 6) contaminated ground-water discharge

to surface water. These mechanisms are evaluated on a site-specific basis in

the following sections, which sununarize the baseline risk assessment for each

of the East Area sites.

6.1 Site LFO1 - Landfill 1

Evaluation of all Stage 2 analytical results shows the following

indicator chemicals were detected in at least one soil and/or ground-water

sample from Site LFO1:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl)- Methylene chloride

Arsenic phthalate Toluene

Barium Trichloroethene

Beryllium Vinyl chloride

Cadmium

Chromium

Lead

Nickel

Se 1 enium

Silver
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6.1.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Landfill 1

are discussed below.

Volatilization to the Air- -VOCs present in the soil are subject to

volatilization to the air by virtue of high vapor pressures. Semivolatile

organic compounds generally have low vapor pressures and are not subject to

volatilization. Most metals are nonvolatile as well. Indicator chemicals

detected at the site which can volatilize include methylene chloride, toluene,

trichloroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate
Indicator Chemical (grams/second)

Methylene chloride 7.38 x 10-8

Toluene 5.64 x 10-8

Trichloroethene 4.62 x

Vinyl chloride 2.12 x l0

The methodology used to estimate emission rates is described in the IRP Stage

2 RI/FS Final Draft Report (Radian, 1989).

Fugitive Dust Generation- -Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. Because Landfill 1 is

paved over with impervious material, contaminants present in the soil at this

site are not subject to significant fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the

ground water near Landfill 1 include: antimony, arsenic, barium, beryllium,

cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

toluene, trichloroethene, and vinyl chloride.
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Surface Runoff- -Contaminants in surface soil must be exposed to be

subject to significant surface runoff during precipitation. Because Landfill

1 is paved, any contaminants present in the soil at this site are not subject

to surface runoff.

Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water. It is possible that ground-

water discharge to the West Fork of the Trinity River could provide an

indirect pathway of contaminants to reach surface water.

6.1.2 Transport and Fate of Contaminants

Landfill 1 potentially releases VOCs to the air via volatilization;

and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through

leachate generation. Potentially significant contaminant transport and fate

mechanisms in the air and ground water include: 1) air dispersion, 2) ground-

water migration, 3) ground-water discharge to and transport in surface water,

and 4) subsequent uptake by plants and animals.

Air Dispersion- -Emissions of VOCs from Landfill 1 occur at ground

level in the gaseous phase. The gases disperse in the ambient atmosphere

according to local meteorological conditions. The User's Network for applied

Modeling of Air Pollutants - Version 6 (UNANAP 6) Industrial Source Complex

Long Term (ISCLT) dispersion model (U.S. EPA, 1987) was used to calculate

annual ground level concentrations of each indicator chemical. The ISCLT

model was selected for use because it is approved by the U.S. EPA and is

capable of evaluating the range of situations encountered in this assessment.

The important model capabilities include:

• Calculation of dispersion from both point and area sources;

• Urban dispersion;

• Efficient calculation of annual average concentrations;
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• Evaluation of both a receptor grid and discrete receptor

points; and

• Simultaneous evaluation of multiple source impacts and

individual source impacts.

The ISCLT model accepts a summarized statistical array of

meteorological conditions based on data for a year or more. Model output

consists of one average concentration for each source and/or source group at

each input receptor.

The model was run using urban mode 3 as recommended by EPA for

developed areas. Wind profile exponents, vertical potential temperature

gradients, and the plume rise equation all affect source plume rise and were

set to the EPA-recommended default values. The choice of these options had

little or no effect on model results since all sites were modeled with no

significant plume rise. A complete description of the modeling methodology is

discussed in the IRP Stage 2 RI/FS Final Draft Report (Radian, 1989).

To model the dispersion of contaminants in the air from Landfill 1

to selected receptor locations requires the use of simplifying assumptions to

simulate the atmospheric environment. In reality, dispersion of contaminants

in the ambient air involves numerous complex processes that are not always

addressed by available models. Some simplifying assumptions may lead to

either overestimates or underestimates of exposures. Generally, the ISCLT

model, and the modeling methodology used in the assessment, incorporate

conservative assumptions that will result in overestimates of exposure. For

example, model inputs included emission rates calculated using the highest

measured concentration regardless of depth or whether the sample was aqueous

or soil. Maximum ground-level concentrations estimated by the ISCLT model

were assumed to be inhaled continuously, 24 hours per day, for 70 years, at

the receptor locations. The successive use of conservative assumptions is

likely to produce estimated exposures that are higher than the reasonable

maximum exposure that is likely to occur.
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Ground-Water Migration- -At Landfill 1, as at all East Area sites,

available water level and geologic data indicate that ground water in the

Upper Zone flows to the east, toward the Trinity River. The subsurface

conditions at the East Area are similar to those in the Flightline Area;

ground water remains in the Upper Zone above the bedrock and flows to the

nearest surface water drainage. As ground-water flow nears the Trinity River,

discharge will be either into the river, or as broadly diffuse seepage that is

consumed by evapotranspiration, perhaps without evidence of direct flow at the

land surface. Ground-water flow will not be toward deeper aquifers (vertical)

or beyond the Trinity River or Farmers Branch (ground-water divides). Thus,

migration of contaminants from Landfill 1 to any domestic or agricultural use

wells in the area is precluded by the natural hydrogeologic conditions in the

East Area.

Transport in Surface Water- -Since VOCs remain in a gaseous state

and do not deposit on the ground, surface water in the area is not subject to

contamination via emissions to the air from Landfill 1. However, VOCs present

in surface water may volatilize to the air. Any contaminants which reach the

West Fork of the Trinity River by ground-water discharge would be diluted and

would move with the surface flow downstream. The West Fork of the Trinity

River is downstream of Lake Worth, which is the source of drinking water for

Fort Worth and Carswell AFB. The path of surface water drainage therefore

precludes the potential transport of contaminants from Landfill 1 to Lake

Worth.

Uptake by Plants and Animals--Food crops, including commercial

agricultural crops and backyard gardens, could accumulate contaminants

originating at Landfill 1 through root uptake of any contaminants present in

the water used for irrigation. Migration of ground water to a surface water

source used for irrigation is the only significant pathway for contaminants to

move from Landfill 1 to plants. However, farming operations in the area

generally rely on natural precipitation or irrigation of crops with ground

water (South, J., 1988), which removes this potential pathway to human

exposure. Since emissions to the air from Landfill 1 are limited to VOCs,

which remain in a gaseous state in ambient air, they will not deposit on

6-6



above-ground plant surfaces or on the soil or surface water so as to be

available for root uptake.

Terrestrial organisms, including farm animals and wildlife, are

subject to accumulation of contaminants originating at Landfill 1 by: 1)

inhalation of ambient air, and 2) ingestion of surface water contaminated by

ground-water discharge. As discussed above, farm operations in the area do

not use surface water to irrigate crops. Therefore, farm animals are not

subject to ingestion of plants potentially contaminated by surface water used

for irrigation.

Aquatic organisms, including fish, are subject to accumulation of

contaminants originating at Landfill 1 by uptake from surface water

contaminated via ground-water discharge/surface water transport. Contaminants

can bioaccuinulate in the food chain of both terrestrial and aquatic organisms.

6.1.3 Exposure Pathways

Figure 6-1 depicts potential pathways for contaminants to move from

Landfill 1 to human exposure points. These same pathways apply to Sites ST14

and BSS. Pathways which are not complete have been crossed out. Remaining

pathways include:

1. Volatilization to the air/air dispersion/inhalation of ambient

air;

2. Volatilization to the air/air dispersion/inhalation by

animals/ingestion of meat and dairy products;

3. Leaching to ground water/ground-water migration to surface

water (fishable source)/uptake by fish and other aquatic

organisms/ingestion of aquatic organisms;
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4. Leaching to ground water/ground-water migration to surface

water (agricultural use source)/ingestion by animals/ingestion

of meat and dairy products;

5. Leaching to ground water/ground-water migration to surface

water (source used for contact sports)/skin contact with

water; and

6. Leaching to ground water/ground-water migration to surface

water/volatilization of volatiles/inhalation of vapors close

to source.

A major potential exposure pathway, ground-water ingestion, is not

applicable to Upper Zone ground water in the East Area. The ground-water

discharges to on-base surface water bodies or directly (Farmers Branch,

Unnamed Stream) to the West Fork of the Trinity River downstream of Lake

Worth. Lake Worth is the source of drinking water for Fort Worth and Carswell

AFB. In addition, ground water present in the Upper Zone, in general, is not

hydraulically connected to the underlying aquifers (CH2M Hill, 1984). For the

most part, it is not economical to develop ground water from the alluvium

because of the water's limited distribution and susceptibility to surface

pollution. The community of River Oaks, immediately east of Carswell AFB, at

one time had supply wells that developed water from the alluvial deposits at a

location near the USAF Hospital. However, the wells were abandoned when

Carswell AFB purchased the property. An inventory of water wells located

within one mile of the Carswell AFB boundary was conducted (Radian, 1989).

Figure 6-2 shows the locations of the existing and abandoned wells identified

from Texas Water Commission records. Thirty-nine wells were identified, but

none were completed in the Upper Zone aquifer.

6.1.4 Identification of Receptors

Based on available exposure pathways, potential human receptors for

exposure to contaminants originating from Landfill 1 include: 1) persons

6-9



I-
 0 

H
oj

i.#
, 

ta
ke

 N
o.

 I 

H
ay

ith
p 

La
k.

 N
o.

2 

C
A

R
S

W
E

LL
 
A

F
B

 
W

E
A

P
O

N
S

 
S

T
O

R
A

G
E

 
A

R
E

A
 

La
ke

 
W

or
E

/i 

W
at

er
 

W
el

ls
: 

• 
C

ur
re

nt
ly

 i
n 

U
se

 

+
 Pl

ug
ge

d,
 A

ba
nd

on
ed

, 
or

 N
ot

 U
se

d 

F
i
g
u
r
e
 
6
-
2
.
 

L
o
c
a
t
i
o
n
 
o
f
 
W
a
t
e
r
 W
e
l
l
s
 
W
i
t
h
i
n
 
1
 M
i
l
e
 o
f
 
C
a
r
s
w
e
l
l
 
A
F
B
,
 
T
e
x
a
s
 



residing and/or working in nearby areas, particularly downwind of the site; 2)

persons ingesting meat and dairy products from animals exposed to contaminants

in the ambient air or contaminated surface water; 3) persons ingesting fish or

other aquatic organisms exposed to contaminated surface water; and 4) persons

swimming or participating in other contact sports in contaminated water.

Landfill 1 and the other East Area sites are located farther away from the

primary southeast base housing areas than are the Flightline Area sites.

However, they are closer to base office buildings and occupied work areas, and

to off-base residential areas to the east side of the West Fork of the Trinity

River and bordering on State Highway 183.

Potential wildlife receptors include: 1) terrestrial organisms

with habitats close to Landfill 1 that inhale ambient air and ingest surface

water, particularly from the West Fork of the Trinity River; and 2) aquatic

organisms in the West Fork of the Trinity River.

6.1.5 Quantification of Exposures

Inhalation Exposure- - Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from Landfill 1 to human receptors.

Table 6-1 presents the on-site maximum and off-site maximum predicted annual

ambient air concentrations resulting from estimated Landfill 1 emissions, and

predicted concentrations at several discrete locations: the site of the

proposed base day care center (which is central to the largest on-base

residential area), the Fort Worth National Fish Hatchery, and the closest

dairy and beef operations. The table also lists Texas Air Control Board

(TACB) health Effects Screening Levels (ESLs) which the agency uses to

evaluate the impacts of air contaminants. TACB screening levels are based on

occupational exposure limits (American Conference of Governmental Industrial

Hygienists (ACGIH) Threshold Limit Values (TLVs), Occupational Health and

Safety Administration (OSHA) standards, or National Institute for Occupational

Safety and Health (NIOSH) recommendations), odor nuisance potential,

vegetation effects, or corrosion effects. Generally, the annual ESL

corresponds to 0.1% of the lowest occupational exposure limit.
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The maximum predicted annual average concentrations resulting from

estimated Landfill 1 emissions for methylene chloride, toluene, trichloro-

ethene, and vinyl chloride are lower than the conservative TACB Effects

Screening Levels by 7, 8, 9, and 7 orders of magnitude, respectively. Note

that maximum concentrations occur off-base due to the location of the site at

the east base perimeter and the prevailing wind direction.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water.

Landfill 1 contributes very low concentrations of VOCs to the

ambient air. At the sites of the nearest dairy and beef operations,

concentrations are predicted to be less than 1/1,000,000,000 ig/m3 (see Table

6-1). Although cows, like humans, will absorb inhaled VOCs, these compounds

do not tend to accumulate in milk or fatty tissues which humans might consume.

Likewise, livestock consumption of surface water containing contaminants

originating from Landfill 1 is theoretically possible, if livestock consumes

water from the West Fork of the Trinity River. However, any exposure is

expected to be minimal due to the distance from Carswell AFB to the nearest

dairy and beef operations. Consumption of locally produced beef and dairy

products therefore does not represent a significant pathway of human exposure

to contaminants originating from Landfill 1.

The most significant fishable resource in the vicinity of Carswell

AFB is Lake Worth. The Fort Worth National Fish Hatchery is located at the

western end of the lake. Since there is no available pathway for contaminants

to move from Landfill 1 to Lake Worth, there is no potential for human

exposure to contaminants originating at Landfill 1 by ingestion of fish caught

in the lake. There is some potential for fish in the West Fork of the Trinity

River to accumulate contaminants from Landfill 1 due to its location at the

base perimeter adjacent to the river, and the expected discharge of ground-

water into the river. Contaminant contributions to the river from Landfill 1

via contaminated ground-water discharge could be significant if ground-water

6-13



concentrations are high. However, any contaminants would be immediately

diluted and dispersed downstream. Also, based on ground-water analytical

results from monitor wells located immediately downgradient of the site,

contaminant levels are generally low. As the actual ground-water contribution

to the West Fork of the Trinity River is unknown, concentrations of

contaminants in the river which originate from Landfill 1 were not estimated.

Dermal Exposure- -The potential for skin contact with contaminants

originating from Landfill 1 is limited to exposures while swimming in (or

otherwise in contact with) contaminated surface water. Lake Worth is the most

highly utilized surface water body for swimming and other water contact sports

in the area. Again, since there is no available pathway for contaminants to

move from Landfill 1 to Lake Worth, there is no potential for human exposure

to contaminants originating from Landfill 1 by skin contact with lake water.

As discussed above, contaminant contributions to the West Fork of the Trinity

River from Landfill 1 probably do occur; therefore, skin contact with river

water close to the site is a possible exposure pathway. However, because the

river is not widely used for swimming and water contact sports, the exposure

potential from this pathway was not quantified.

6.1.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-2 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with inhalation Reference Doses (RFDs) for

chronic (long-term) exposure. An inhalation RFD is an estimate of the dose of

a chemical that can be inhaled daily for a lifetime without producing adverse

noncarcinogenic health effects. The derivation of RFDs (formerly Acceptable

Daily Intakes- -ADIs) used in this assessment is discussed in the IRP Stage 2

RI/FS Final Draft Report (Radian, 1989).
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Average daily inhalation exposures for methylene chloride, toluene,

trichloroethene, and vinyl chloride are lower than pollutant-specific RFDs in

all cases by more than six orders of magnitude. The total hazard index is

significantly less than one at all locations, indicating that the threat of

noncarcinogenic health effects of inhalation exposure to contaminants

originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk- -Of the four contaminants released to the air from

Landfill 1, methylene chloride, trichioroethene, and vinyl chloride are

potential carcinogens. Cancer potency estimates developed by EPA were used in

conjunction with total daily contaminant doses to develop estimates of

incremental individual cancer risk:

individual cancer risk = total daily dose x cancer potency

(mg/kg/day) (mg/kg/day)'

Incremental individual cancer risk is the increased probability of developing

cancer in one's lifetime.

Table 6-3 provides estimates of individual cancer risk for the

maximum on-site and maximum off-site exposed individual, and for an individual

inhaling ambient concentrations in the immediate vicinity of the proposed day

care facility continuously for a lifetime. These risks, the highest of which

is 9 in 10 billion, can be dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to contam-

inants originating from Landfill 1 is limited to ingestion of fish from the

West Fork of the Trinity River. The risk of ingestion exposure by this

pathway was not quantified because residents are more likely to fish in Lake

Worth than in the river, and ground-water contributions to the river from

Landfill 1 are not known, although they are expected to be low.
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Dermal Risk- -The potential for dermal exposure to contaminants

originating from Landfill 1 is remote. Unless an individual immersed

frequently in the West Fork of the Trinity River for long periods of time,

skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.1.7 Threat to Wildlife

Contaminants originating from Landfill 1 pose some risk to

terrestrial wildlife that use the West Fork of the Trinity River as a source

of drinking water, as well as to aquatic organisms in the river. The

potential contribution of Landfill 1 to contaminant concentrations in the

river was not estimated because neither the ground-water inflow to the river

nor existing contaminant concentrations in the river are known. However, site

ground-water contaminant concentrations are generally low, suggesting the

contribution is small.

6.2 Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Evaluation of all Stage 2 analytical results indicates the

following indicator chemicals were detected in at least one surface water

and/or ground-water sample from Site SD13:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony None Benzene

Arsenic Tetrachloroethene

Barium Toluene

Beryllium

Cadmium

Chromium

Lead

Nickel

Selenium

Silver
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6.2.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site SD13

are discussed below.

Volatilization to the Air- -VOCs present in the surface water or

soil are subject to volatilization to the air by virtue of high vapor

pressures. Indicator chemicals detected in the surface water which can

volatilize include benzene, tetrachioroethene, and toluene.

Estimated emission rates based conservatively on maximum

concentrations detected in the surface water from the Unnamed Stream are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 3.79 x iO

Tetrachloroethene 3.79 x lO

Toluene 1.86 x

Fugitive Dust Generation- -Contaminants must be present in exposed

surface soil to be subject to fugitive dust generation. Because the area in

the vicinity of the former gas station associated with this site is a paved

lot, this potential contaminant release mechanism is not applicable.

Leachate to Ground Water- -Indicator chemicals detected in ground

water at Site SD13 include: benzene, toluene, and all the indicator chemical

metals.

Surface Runoff- -Contaminants in surface soil must be exposed to be

subject to significant surface runoff during precipitation. As previously

mentioned, the area of potential soil contamination is paved and therefore not

subject to release of contaminants to runoff.
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Discharge to Surface Water- -The Unnamed Stream discharges directly

to Farmers Branch less than 1/2 mile from its intersection with the West Fork

of the Trinity River.

6.2.2 Transport and Fate of Contaminants

The Unnamed Stream and abandoned gasoline station at Site SD13

potentially release VOCs to the air via volatilization; and VOCs and metals to

the surface water and ground water via direct and indirect discharge, and

leachate generation, respectively. Potentially significant contaminant

transport and fate mechanisms in the air, ground water, and surface water

include: 1) air dispersion, 2) ground-water migration, 3) transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from Site SD13 follows the same pathways as described

for Landfill 1 in Section 6.1.2. Refer to that section for details on

transport and fate.

6.2.3 Exposure Pathways

Figure 6-3 depicts potential pathways for contaminants to move from

Site SD13 to human exposure points. Pathways which are not complete have been

crossed out. The remaining pathways are the same as those identified for

Landfill 1 (Section 6.1.3), plus:

1. Discharge to surface water/transport to fishable source/uptake

by fish and other aquatic organisms/ingestion of aquatic

organisms;

2. Discharge to surface water/transport to agricultural use

source/ingestion by animals/ingestion of meat and dairy

products; and

3. Discharge to surface water/transport to source used for

contact sports/skin contact with water.
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6.2.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from Site SD13 are the same as those identified for Landfill 1 (see discussion

in Section 6.1.4).

6.2.5 Quantification of Exposures

Inhalation Exposure- -Except for skin contact with the stream water,

inhalation of ambient air is the most direct exposure pathway for contaminants

to move from Site SD13 to human receptors. Table 6-4 presents the on-site

maximum and off-site maximum predicted annual ambient air concentrations

resulting from estimated emissions, and predicted concentrations at the site

of the proposed base day care center, the Fort Worth National Fish Hatchery,

and the closest dairy and beef operations. The table also lists the TACZ

ESLs.

The maximum predicted annual average concentrations resulting from

estimated site emissions for benzene, tetrachloroethene, and toluene are lower

than the conservative TACB Effects Screening Levels by 3, 6, and 6 orders of

magnitude, respectively.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water. For the same reasons discussed in Section 6.1.4 for Landfill 1,

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating from Site SD13 is limited to exposures while swimming in (or

otherwise in contact with) contaminated surface water. Again, for reasons

discussed in Section 6.1.4 for Landfill 1, exposure by this pathway is also

likely to be minimal and was not quantified.
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6.2.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-5 provides estimates of average daily inhalation exposure

(in mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, tetrachioroethene,

and toluene are lower than pollutant-specific RFDs in all cases by more than

six orders of magnitude. The total hazard index is significantly less than

one at all locations, indicating that the threat of noncarcinogenic health

effects of inhalation exposure to contaminants originating from this site is

not significant.

Carcinogenic Risks

Inhalation Risk- -Of the three indicator chemicals estimated to be

emitted to the air from Site 5D13, benzene and tetrachioroethene are potential

carcinogens. Table 6-6 shows estimates of incremental individual cancer risk

for the maximum on-site and maximum off-site exposed individual, and for an

individual inhaling ambient concentrations in the immediate vicinity of the

proposed day care facility continuously for a lifetime. These risks, the

highest of which is 1.4 in 100 million, can be dismissed as inconsequential.

Ingestion Risk- -The possibility of ingestion of contaminants

originating from Site SD13 is remote and likely to be at most minimal. The

risk of ingestion exposure was therefore not quantified.

Dermal Risk- -The potential for dermal exposure to contaminants

originating from the site is also remote. Unless an individual immersed

frequently and for long periods of time in the waters of Farmers Branch at the
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point where the Unnamed Stream flows into the creek, skin contact exposure can

be considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.2.7 Threat to Wildlife

Contaminants originating at Site SD13, as discussed previously for

Landfill 1, pose some risk to terrestrial wildlife that use Farmers Branch or

the stream itself as a source of drinking water, as well as aquatic organisms

in Farmers Branch. Sampling and analysis results provide some measure of the

contribution of the Unnamed Stream to contaminant concentrations in Farmers

Branch.

6.3 Site ST14 - POL Tank Farm

Evaluation of all Stage 2 analytical results shows the following

indicator chemicals were detected in at least one soil and/or ground-water

sample at the site:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl) - Benzene

Arsenic phthalate Methylene chloride

Barium Toluene

Beryllium Trichioroethene

Cadmium Vinyl chloride

Chromium

Lead

Nickel

Selenium

Silver
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6.3.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to the POL

Tank Farm are discussed below.

Volatilization to the Air- -VOCs present in the soil are subject to

volatilization to the air due to their high vapor pressures. Indicator

chemicals detected at the site which can volatilize include benzene, methylene

chloride, toluene, trichloroethene, and vinyl chloride.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:

Emission Rate
Indicator Chemical (grams/second)

Benzene 1.19 x

Methylene chloride 5.31 x 10-6

Toluene 4.41 x l0

Trichloroethene 2.07 x 10-8

Vinyl chloride 9.04 x lO

Fugitive Dust Generation- -The ground surface in the POL Tank Farm

is either covered with gravel and rock, or vegetated. Therefore, any

contaminants present in the soil at this site are not subject to significant

fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the Upper

Zone ground water at Site ST14 include: antimony, arsenic, barium, beryllium,

cadmium, chromium, lead, nickel, selenium, silver, bis(2-ethylhexyl)phthalate,

benzene, toluene, trichloroethene, and vinyl chloride.

Surface Runoff- -Because the ground surface in the POL Tank Farm is

either covered with gravel and rocks, or vegetated, and is flat, any

contaminants present in the soil at this site are not subject to significant

surface runoff.
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Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water. It is possible that

contaminants could be introduced indirectly to Farmers Branch through

discharge of Upper Zone ground water.

6.3.2 Transport and Fate of Contaminants

The POL Tank Farm potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air, ground water and surface water include: 1)

air dispersion, 2) ground-water migration, 3) ground-water discharge to and

transport in surface water, and 4) subsequent uptake by plants and animals.

The transport and fate of contaminants from the POL Tank Farm follows the same

pathways as described for Landfill 1 in Section 6.1, except that Upper Zone

ground water might discharge into the downstream portion of Farmers Branch

before it reaches the West Fork of the Trinity River. Refer to Section 6.1.2

for details on transport and fate.

6.3.3 Exposure Pathways

Figure 6-1 in Section 6.1.3 indicates the potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the POL Tank Farm.

6.3.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from the POL Tank Farm are the same as those identified for Landfill 1 (see

discussion in Section 6.1.4).

6.3.5 Quantification of Exposures

Inhalation Exposure- -Inhalation of ambient air is the most direct

exposure pathway for contaminants to move from the POL Tank Farm to human
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receptors. Table 6-7 presents the on-site maximum and off-site maximum

predicted annual ambient air concentrations resulting from estimated POL Tank

Farm emissions, and predicted concentrations at the proposed base day care

center, the Fort Worth National Fish Hatchery, and the closest dairy and beef

operations. The table also lists TACB ESLs.

The maximum predicted annual average concentrations resulting from

estimated POL Tank Farm emissions for benzene, rnethylene chloride, toluene,

trichioroethene, and vinyl chloride are lower than the conservative TACB ESLs

by orders of magnitude ranging from 3 to 9.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water and fish exposed to contaminated surface

water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating from the POL Tank Farm is limited to exposures while swimming in

(or otherwise in contact with) contaminated surface water. Again, for reasons

discussed in Section 6.1.4 for Landfill 1, any exposure by this pathway is

also likely to be minimal and was not quantified.

6.3.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-8 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.
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Average daily inhalation exposures for benzene, methylene chloride,

toluene, trichloroethene and vinyl chloride are lower than pollutant-specific

RFDs in all cases by more than five orders of magnitude. The total hazard

index is significantly less than one at all locations, indicating that the

threat of noncarcinogenic health effects of inhalation exposure to

contaminants originating from this site is not significant.

Carcinogenic Risks

Inhalation Risk- -Of the five contaminants expected to be emitted to

the air from the POL Tank Farm, benzene, methylene chloride, trichloroethene,

and vinyl chloride are potential carcinogens. Table 6-9 provides estimates of

incremental individual cancer risk for the maximum on-site and maximum off-

site exposed individual, and for an individual inhaling ambient concentrations

in the immediate vicinity of the proposed day care facility continuously for a

lifetime. These risks, the highest of which is 5.7 in 100 million, can be

dismissed as inconsequential.

Ingestion Risk- -The potential for ingestion exposure to

contaminants originating from the POL Tank Farm is remote and likely to be

minimal. The risk of ingestion exposure was therefore not quantified.

Dermal Risk- - The potential for dermal exposure to contaminants

originating from the POL Tank Farm is also remote. Unless an individual

immersed himself frequently and for long periods of time in the waters of

Farmers Branch or the West Fork of the Trinity River near the discharge point,

skin contact exposure can be considered insignificant. The risk of dermal

exposure was therefore not quantified.

6.3.7 Threat to Wildlife

Contaminants originating from the POL Tank Farm pose a similar low

level of risk to terrestrial wildlife that use Farmers Branch/West Fork of the

Trinity River as a source of drinking water, and to aquatic organisms in the

creek and river, as described for Landfill 1 (Section 6.1.7).
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6.4 Site BSS - Base Service Station

Evaluation of all Stage 2 analytical results indicates the

following indicator chemicals were detected in at least one soil or ground-

water sample at the site:

Semivolatile Volatile Organic
Metals Organic Compounds Compounds (VOCs)

Antimony Bis(2-ethylhexyl) - Benzene

Arsenic phthalate 1, 2-Dichioroethane

Barium Tetrachloroethene

Beryllium Toluene

Cadmium Trichloroethene

Chromium

Lead

Nickel

Se 1 enium

Silver

6.4.1 Source and Release Characterization

Contaminant release mechanisms potentially applicable to Site BSS

are discussed below.

Volatilization to the Air- -Indicator chemicals detected at the site

which can volatilize include benzene, 1,2-dichioroethane, tetrachloroethene,

toluene, and trichioroethene.

Estimated emission rates based conservatively on maximum

concentrations detected in the soil or ground water at the site are:
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Emission Rate
Indicator Chemical (grams/second)

Benzene 233 x i0

1,2-Dichioroethane 2.16 x 10-8

Tetrachioroethene 8.08 x 10-10

Toluene 1.17 x 10

Trichioroethene 2.56 x i0

Fugitive Dust Generation- -The Base Service Station area is either

paved or covered with vegetation; therefore any contaminants present in the

soil are not subject to significant fugitive dust generation.

Leachate to Ground Water- -Indicator chemicals detected in the

ground water near the Base Service Station include: antimony, arsenic,

barium, beryllium, cadmium, chromium, lead, nickel, selenium, silver, benzene,

1, 2-dichioroethane, tetrachioroethene, toluene, and trichloroethene.

Surface Runoff- -As noted above, the Base Service Station area is

covered with concrete/asphalt or with vegetation, and is flat. Therefore, any

contaminants present in the soil at this site are not subject to significant

surface runoff.

Discharge to Surface Water- -There is no direct discharge of

contaminants from this site to surface water.

6.4.2 Transport and Fate of Contaminants

The Base Service Station potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from the Base Service Station follows the same
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pathways as described for Landfill 1 in Section 6.1.2. Refer to this section

for details on transport and fate.

6.4.3 Exposure Pathways

Figure 6-1 in Section 6.1.3 depicts potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the Base Service Station.

6.4.4 Identification of Receptors

The potential human and wildlife receptors of contaminants released

from the Base Service Station site are the same as those identified for

Landfill 1 (see discussion in Section 6.1.4).

6.4.5 Quantification of Exposures

Inhalation Exposure- -As is the case for all other East Area sites,

inhalation of ambient air is the most direct exposure pathway for contaminants

to move from the Base Service Station to human receptors. Table 6-10 presents

the on-site maximum and off-site maximum predicted annual ambient air

concentrations resulting from estimated Base Service Station emissions, and

predicted concentrations at the proposed base day care center, the Fort Worth

National Fish Hatchery, and the closest dairy and beef operations. The table

also lists TACB ESLs.

The maximum predicted annual average concentrations resulting from

estimated Base Service Station emissions for benzene, l,2-dichloroethane,

tetrachloroethene, toluene, and trichloroethene are lower than the

conservative TACB ESLs by orders of magnitude ranging from 4 to 10.

Ingestion Exposure- -Potential ingestion exposures include ingestion

of meat and dairy products from animals exposed to contaminants in the ambient

air or contaminated surface water, and fish exposed to contaminated surface
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water. For the same reasons discussed in Section 6.1.4 for Landfill 1, any

exposure by these pathways is likely to be minimal and was not quantified.

Dermal Exposure- -The potential for skin contact with contaminants

originating from the Base Service Station is limited to exposures while

swimming in (or otherwise in contact with) contaminated surface water. Again,

for reasons discussed in Section 6.1.4 for Landfill 1, any exposure by this

pathway is also likely to be minimal and was not quantified.

6.4.6 Threat to Human Health

Noncarcinogenic Risks

Table 6-11 shows estimates of average daily inhalation exposure (in

mg/kg body weight/day) at the location of the on-site and off-site maximum

predicted annual average concentration, and at the proposed on-site day care

facility, and compares these values with RFDs for chronic exposure.

Average daily inhalation exposures for benzene, l,2-dichloroethane,

tetrachioroethene, toluene, and trichloroethene are lower than pollutant-

specific RFDs in all cases by more than five orders of magnitude.

Carcinogenic Risks

Inhalation Risk- - Of the five contaminants that may be emitted to

the air from the Base Service Station, benzene, 1,2-dichioroethane, tetra-

chioroethene, and trichioroethene are potential carcinogens. Table 6-12

provides estimates of incremental individual cancer risk for the maximum on-

site and maximum off-site exposed individual, and for an individual inhaling

ambient concentrations in the immediate vicinity of the proposed day care

facility continuously for a lifetime. These risks, the highest of which is

1.9 in 1 billion, can be dismissed as inconsequential.
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Ingestion Risk- -The potential for ingestion exposure to con-

taminants originating from the Base Service Station is remote and likely to

be, at most, minimal. The risk of ingestion exposure was therefore not

quantified.

Dermal Risk- -The potential for dermal exposure to contaminants

originating from the Base Service Station is also remote. Unless an

individual ininiersed himself frequently and for prolonged periods of time in

the West Fork of the Trinity River near the base, skin contact exposure can be

considered insignificant. The risk of dermal exposure was therefore not

quantified.

6.4.7 Threat to Wildlife

Contaminants originating from the Base Service Station pose a

similar low level of risk to terrestrial wildlife that use the West Fork of

the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1 (Section 6.1.7).

6.5 Defense Priority Model Evaluation

Radian used the Defense Priority Model (DPM) (Oak Ridge National

Laboratory, 1987) to evaluate the four East Area IRP Sites LFO1, SD13, ST14,

and BSS; and the Flightline Area at Carswell AFB. DPM uses site-specific data

to prioritize sites according to the severity of contamination. For the DPM,

geologic and hydrologic data are used to indicate ground-water travel times

and chemical analyses are compared to toxicological benchmarks to indicate

risk to the local human population and natural environment.

Using information obtained during Stage 2 of the IRP at Carswell

AFB, the DPM indicated the following ranking for the sites investigated

(numbers in parentheses are the results of the DPM scoring and indicate

relative rankings):
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1. Unnamed Stream and Abandoned Gasoline Station (20,760);

2. Flightline Area (19,381);

3. Landfill 1 (7,036);

4. Base Service Station (5,929); and

5. POL Tank Farm (4,584).

Radian has conducted extensive, detailed investigations of these

sites and has produced a ranking of these sites which differs somewhat from

the DPM ranking. The alternate ranking, which is based on the results of the

Radian investigations is as follows:

1. Flightline Area;

2. Unnamed Stream and Abandoned Gasoline Station/POL Tank Farm;

3. Base Service Station; and

4. Landfill 1.

This discrepancy is probably because the DPM is designed as an

unbiased tool for comparison and, therefore, has a simple, rigid format that

does not take into account all factors which might be relevant to the ranking

of a particular site. Indeed, the Introduction to the User's Manual for the

DPM indicates the possibility of false high scores using the DPM. The

justification for the high priority ranking for the Flightline Area is

provided in the Flightline Area Draft RI report (Radian, 1991). The

justification for the revised ranking with respect to the East Area sites is

explained below. The DPM evaluation worksheets for each site are provided in

Appendix F.

Priority Evaluation for East Area Sites

The most significant difference between Radian's ranking and the

DPM ranking is the position of Landfill 1. In the DPM model, Landfill 1

received a relatively high ranking based on the site's proximity to the

Trinity River and the lack of an effective barrier system. Based on the most

recent analytical data, however, only very low levels of indicator chemicals

were identified at the site, with no detected concentrations of any volatile
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organic compound or metal above the MCL. For this reason, Radian assigns a

higher priority to the other East Area sites.

The Unnamed Stream and Abandoned Gasoline Station (Site SD13)

ranked high in the DPM model and in the ranking by Radian because the site

represents a direct migration pathway to the West Fork of the Trinity River.

It is anticipated that this site will be treated in conjunction with the POL

Tank Farm in the FS for the East Area, since the POL Tank Farm, where ground-

water contamination is documented, is directly upgradient of Unnamed Stream,

and is directly or indirectly contributing contaminants to Site SD13. The

nature of the contaminant source, the overall areal extent of contamination,

and the potential for the contamination to reach the river make this combined

site of the highest priority in the East Area.

The Base Service Station is given a relatively low priority in both

the DPM evaluation and in Radian's evaluation based on several factors. While

maximum detected concentrations of benzene and toluene were relatively high,

these compounds were only detected in one well, suggesting the areal extent of

the contamination is limited. The nature of the contaminant source is known

(i.e., gasoline UST). In addition, the occurrence of ground water at the site

is limited and is not continuous, reducing the potential for migration of

contaminants at the site to the West Fork of the Trinity River.
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7.0 SUMNARY AND CONCLUSIONS

This section summarizes the environmental contaminants detected in

the East Area sites, with special emphasis on the extent of contaminant

migration, the mechanisms/pathways by which the contaminants are transported,

and the level of risk the contaminants pose to the human health and the

environment. Also identified are existing data gaps, possible ways to address

additional data requirements, and the objectives of any remedial actions

conducted in the East Area.

7.1 Summary of Contamination and Associated Risks

The following subsections present an overview of the main con-

taminants in the East Area and the quantified risks associated with exposure

to those contaminants.

7.1.1 Nature and Extent of Contamination

Ground-water and surface water sampling and analysis conducted in

the East Area in 1990 identified two areas of volatile organic contamination

in Upper Zone ground water, at the POL Tank Farm and the Base Service Station.

Evidence of inorganic contamination in Upper Zone ground water and Unnamed

Stream was limited to a few occurrences of chromium, lead, and arsenic above

MCLs, mainly in the total metals analyses. Overall concentrations of both

volatile organic and inorganic constituents in ground-water and surface water

samples were generally lower than concentrations for the same analytes in

previous IRP studies. This trend may be the result of natural attenuation of

these constituents in the ground-water or surface water systems, however, it

should be noted that the weeks immediately preceding the Spring 1990 sampling

event were characterized by abnormally high precipitation (and flooding). The

resultant increase in infiltration and recharge may have had the effect of

diluting contaminants, resulting in lower concentrations of detected constitu-

ents.
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Following is a summary of the current understanding of the nature

and extent of contamination at the four sites where additional investigative

activities were performed in 1990: Site LFO1 (Landfill 1), Site SD13 (Unnamed

Stream and the Abandoned Gasoline Station), Site ST14 (POL Tank Farm), and

Site BSS (Base Service Station). There were no additional data collected at

Site 0T12 (Entomology Dry Well) or Site SD1O (Flightline Drainage Ditch), and

the Phase II Stage 2 Remedial Investigation report (Radian, 1989) contains the

current interpretation of the nature and extent of contamination at these

sites.

Site LFO1 - Landfill 1

Recent (1990) ground-water sampling of the five monitor wells at

Site LFO1 provided no basis for inferring the existence of a ground-water con-

taminant plume, organic or inorganic, at this site. A previously interpreted

metals contaminant problem at the site was not supported by the most recent

ground-water analyses.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Although volatile organic compounds (VOCs) were detected in both

ground water and surface water at Site SD13, no MCLs were exceeded and there

was no pattern observed to the VOC detections. Therefore, there is no

evidence of a volatile organic compound contaminant problem at the site.

The most recent (1990) inorganic analytical results, from ground

water of the four recently installed monitor wells, do not suggest metals

contamination of the Upper Zone ground water at the site. No metals were

detected above MCLs.

Concerning metals concentrations in the Unnamed Stream, the same

metals species found in excess of MCLs in the surface water samples appear to

be adsorbed to stream sediments. Two surface water samples that contained

total concentrations of three metals above MCLs had corresponding dissolved

metals concentrations below the MCLs. One dissolved selenium concentration
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above the MCL was determined to be a laboratory reporting error and the actual

concentration was below detection.

Site ST14 - POL Tank Farm

Several volatile organic compounds were detected in ground-water

samples from monitor wells at Site ST14. Benzene was the only VOC detected in

the most recent ground-water sampling at a concentration which exceeded its

MCL.

Based on the 1988 soil gas and ground-water sampling and the 1990

ground-water sampling at the site, the contamination underlying Site ST14 and

vicinity appears to be divided into two regions; the first associated with

Tanks 1156 and 1157, and the second associated with the adjacent fuel loading

facility.

Figure 7-1 depicts the probable extent of benzene contamination at

Site ST14, based on the most recent analytical data and the distribution of

soil gas determined in the Stage 2 soil gas survey. Monitor well ST14-l7M,

located at the center of the interpreted benzene plume beneath the fuel

loading facility, contained the only detected concentration of benzene above

the respective MCL in the nine wells sampled in the 1990 investigation. Over

two feet of immiscible material was encountered in this well in the 1990

sampling event. Monitor well ST14-l7M also had the highest concentrations of

chlorobenzene, toluene, and total xylenes detected at the site in the most

recent sampling. The extent of the benzene plume in the Upper Zone ground

water is delineated on Figure 7-1, and is within the confines of the existing

monitor well network at the site.

Chromium was detected above its MCL in only one well at the site,

and this concentration was measured in the total metals analysis. Lead was

detected above MCLs in three monitor well samples at ST14, only one of which

(from ST14-02) was for the dissolved metals analysis and is considered

suspect.
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Figure 7-1. Probable Extent of Benzene Contamination (Spring, 1990), Site
ST14, Carswell AFB, Texas
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Site BSS - Base Service Station

Information gathered to date on Site BSS suggests a contaminant

problem associated with the underground storage tank adjacent to monitor well

BSS-B.

In the 1990 sampling investigation, of the three wells sampled at

the site, only well BSS-B contained detectable levels of volatile organic com-

pounds. Benzene, toluene, and total xylenes were all detected in the ground

water at this location above their MCLs. The downgradient extent of the VOC

contamination detected in monitor well BSS-B is not defined with the current

monitor well network, however, results of the soil gas analyses performed at

the site in 1987 suggested a plume size of approximately 100 feet wide by 200

feet long.

Cadmium was detected above the MCL of well BSS-C in the total

metals analysis but was not detected in the dissolved metals analysis. No

other metals concentrations exceeded MCLs.

7.1.2 Fate and Transport

Site LFO1 - Landfill 1

The low levels of volatile organic contaminants in the Upper Zone

ground water at Site LFO1 are expected to move downgradient to the east,

toward the Trinity River (Figure 3-il). Shallow ground-water flow near the

Trinity River will probably be discharged at the surface as broadly diffuse

seepage that is consumed by evapotranspiration. There is no visual evidence

of seepage at the land surface between Site LFO1 and the river. Shallow

ground-water flow will not be downward to deeper aquifers or laterally beyond

the Trinity River. Any contaminants which reach the river via ground-water

migration are subject to dilution and movement with the surface flow down-

stream. Any VOCs present in surface water will be subject to volatilization

to the air. Since the detected concentrations of volatile organic compounds

are already (in most cases) at levels less than five times their detection
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limits, it is unlikely that these compounds would be detectable following

their introduction into the Trinity River. No metals (dissolved or total)

were detected above MCLs at the site.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

Shallow Ground Water- - Investigative activities conducted in 1985

revealed high levels of organic compounds in ground water, probably origi-

nating from petroleum hydrocarbons. However, based on the 1990 volatile

organic compound analytical results, the abandoned gasoline station does not

appear to be contributing appreciable organic contamination to the shallow

ground-water system. Any contaminants in the ground water would be expected

to move hydraulically downgradient, eventually entering either the oil/water

separator and the Unnamed Stream or Farmers Branch itself where the initially

low concentrations would be further diluted. Still more dilution of con-

taminants would result as Farmers Branch flows into the West fork of the

Trinity River less than one-half mile from Site SD13. Any VOCs entering

Farmers Branch and the Trinity River would be subject to volatilization to the

air. No metals were detected above MCLs in the shallow ground water at Site

SD13.

Unnamed Stream--No volatile organic compounds were detected above

MCLs in the Unnamed Stream. The results of the laboratory analysis for

inorganic constituents suggest that metals in the Unnamed Stream are preferen-

tially adsorbed to sediments rather than occurring primarily dissolved in the

surface water. This mode of transport (i.e., adsorbed to sediment) would

result in slower migration of contaminants downstream than for the dissolved

phase, and would be slower than the actual surface-water flow rate. As

evidenced by the lower dissolved and total concentrations of arsenic and lead

in the downstream water samples, the metals apparently tend to accumulate in

the stream bed sediments. The presence of iron oxides, initially identified

coating sediments in the Unnamed Stream in the Phase II Stage 1 investigation,

suggests that precipitation of metals is active in the stream sediments. The

removal of metals such as lead and arsenic is enhanced by this process, as

these metals commonly co-precipitate with or are adsorbed onto hydrous iron
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oxide compounds. Both lead and arsenic are generally nonvolatile and will

tend to remain adsorbed to the stream bed sediments in the Unnamed Stream. As

long as there is a source of these metals, the metals will continue to

accumulate in the sediments in the upper reaches of the stream.

Site ST14 - POL Tank Farm

The average Upper Zone ground-water flow velocity at the POL Tank

Farm was determined to be approximately 0.3 feet per day. Also, examination

of Figure 3-8 indicates shallow ground-water flow toward the southeast, or

Farmers Branch. Therefore, the benzene contamination observed in the shallow

ground water at Site ST14 is expected to migrate with the shallow ground water

toward Farmers Branch. Volatilization and degradation of benzene from the

ground water will tend to decrease the concentration of benzene as it moves

downgradient, assuming there are no additional sources.

Any benzene in the ground water reaching Farmers Branch would be

diluted by the stream, and increased volatilization would occur. Benzene from

the site, however, would be expected to pass through the french drain system

and the oil/water separator and ultimately enter Farmers Branch via the

Unnamed Stream.

The low dissolved lead concentrations in the shallow ground water,

the nonvolatile nature of the metal, and the affinity of the metal to adsorb

onto sediments suggest the overall distribution of lead at the site will not

change significantly in the future.

Site BSS - Base Service Station

Migration of volatile organic compounds in the shallow ground water

would be toward the Trinity River, as suggested by the potentiometric surface

map of the site (Figure 3-8). Migration rates will probably be slower

downgradient (east) of well BSS-B because the permeable, water-bearing sands

present in that location were not detected in borehole BSS-D.
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The principal fate of the volatile organic compounds detected in

the ground water at well BSS-B would be volatilization to the atmosphere.

This could occur as the ground water moves toward the Trinity River and upon

entering the river. Insufficient downgradient well control precludes deter-

mination of the maximum contaminant extent.

Metals contamination is not of concern at the Base Service Station

since no cadmium was detected in the filtered sample in monitor well BSS-C and

no other metals were found above their MCLs in samples from wells at this

site.

7.1.3 Risk Assessment

Using both the 1988 and 1990 analytical results from the various

media sampled in the East Area sites, indicator chemicals for each site were

selected according to procedures documented in the U.S. EPA Health Evaluation

Manual (1986). Although several of the indicator chemicals selected, par-

ticularly the semi-volatile and metals compounds, are not believed to

represent an actual contaminant problem at the site, they were included in the

risk assessment process to ensure a conservative (stringent-case) evaluation

of possible health risks.

Possible mechanisms of contaminant release applicable to one or

more of the East Area IRP sites include: 1) volatilization to the air, 2)

fugitive dust generation, 3) leachate to ground water, 4) surface runoff, 5)

direct release to surface water, and 6) contaminated ground-water discharge to

surface water.

Following is a site-by-site summary of the possible risks to human

health and the environment posed by the chemicals found in the various media

at the East Area sites.
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Site LFO1 - Landfill 1

Landfill 1 potentially releases VOCs to the air via volatilization;

and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water through

leachate generation. Potentially significant contaminant transport and fate

mechanisms from LFO1 in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals.

Results of an evaluation to determine possible human exposure

routes from the four previously mentioned waste release mechanisms show six

potential pathways exist (Figure 6-1). All six of the pathways initially

involve contaminants volatilizing to the air or leaching to the ground water.

Based on the potential pathways identified, potential human and wildlife

receptors for exposure to contaminants migrating from LFO1 were identified.

Attempts at quantifying three types of exposures - inhalation,
ingestion, and dermal contact were made in the LFO1 risk assessment. Both on-

site and off-site maximum predicted annual air concentrations of VOC emissions

originating from LFO1 were compared to the Texas Air Control Board (TACB)

health Effects Screening Levels (ESLs), which the agency uses to evaluate the

impacts of air contaminants. The maximum predicted annual average con-

centrations resulting from Landfill 1 VOC emissions were a minimum of seven

orders of magnitude lower than the conservative TACB ESLs. Potential inges-

tion exposures, including meat and dairy products and fish exposed to con-

taminants, were evaluated and found to not represent a significant pathway for

human exposure to contaminants originating from the site. Dermal exposure to

contaminants in the West Fork of the Trinity River is possible, however,

because the river is not widely used for swimming and water contact sports

this potential exposure pathway was not quantified.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. The total hazard index was found

to be significantly less than the level of concern, indicating the threat of

noncarcinogenic health effects of inhalation exposure to contaminants origin-
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ating from the site is not significant. The individual cancer risk for the

maximum on-site and off-site exposed individual, the highest of which is 9 in

10 billion, can be dismissed as inconsequential. The potential for ingestion

exposure to contaminants originating front Site LFO1 is limited to ingestion of

fish from the West Fork of the Trinity River. The risk of ingestion exposure

by this pathway was not quantified because most local fishing takes place in

lake Worth and the ground-water contributions to the river from Site LFO1 are

both not known and probably low. The potential for dermal exposure to

contaminants originating from Landfill 1 is remote and therefore was not

quantified.

Because the site ground-water contaminant concentrations are

generally low and the ground-water inflow to the Trinity River is not known,

the risk to terrestrial wildlife that use the river as a source of drinking

water and to aquatic organisms in the river is suspected to be minimal.

Site SD13 - Unnamed Stream and Abandoned Gasoline Station

The Unnamed Stream and Abandoned Gasoline Station potentially

release VOCs to the air via volatilization; and VOCs and metals to the surface

water and ground water via direct and indirect discharge, and leachate

generation, respectively. Potentially significant contaminant transport and

fate mechanisms in the air, ground water, and surface water include: 1) air

dispersion, 2) ground-water migration, 3) transport in surface water, and 4)

subsequent uptake by plants and animals.

Potential pathways for contaminants to move from Site SD13 to human

exposure points are the same as Site LFO1 plus three additional pathways

associated with an initial discharge to surface water (Figure 6-2). The

potential human and wildlife receptors of contaminants released from Site SD13

were identified and are the same as those for Site LFO1.

Quantification attempts of inhalation, ingestion, and dermal

exposures to contaminants originating from the site were made. The maximum

predicted annual average concentrations resulting from site indicator chemical
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VOC emissions are at least three orders of magnitude lower than the TACB ESLs.

Following the same reasoning presented relating to Landfill 1, ingestion and

dermal exposure pathways are considered to be minimal and were not quantified.

With inhalation the remaining exposure pathway of significance, the

threat to human health by inhalation of VOCs emitting from Site SD13 was

evaluated in terms of noncarcinogenic and carcinogenic risks. Noncarcinogenic

risks were compared to a hazard index and found to be insignificant. Car-

cinogenic risks associated with inhalation of ambient concentrations of VOCs

emitted from the site, the highest of which is 1.4 in 100 million, can be

dismissed as inconsequential.

Site ST14 - POL Tank Farm

The POL Tank Farm potentially releases VOCs to the air via volatil-

ization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground water

via leachate generation. Potentially significant contaminant transport and

fate mechanisms in the air, ground water and surface water include: 1) air

dispersion, 2) ground-water migration, 3) ground-water discharge to and

transport in surface water, and 4) subsequent uptake by plants and animals.

The transport and fate of contaminants from the POL Tank Farm follows the same

pathways as described for Landfill 1 except that Upper Zone ground water might

discharge into the downstream portion of Farmers Branch before it reaches the

West Fork of the Trinity River.

Figure 6-1 in Section 6.1.3 indicates the potential pathways for

contaminants to move from Landfill 1 to human exposure points. These same

pathways apply to the POL Tank Farm. The potential human and wildlife

receptors of contaminants released from the POL Tank Farm are the same as

those identified for Landfill 1.

Quantification of the exposure to inhalation of ambient air con-

centrations of VOCs originating from Site ST14 was accomplished and the

predicted annual average concentrations resulting from the site were found to

be lower than the conservative TACB ESLs by a minimum of three orders to
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magnitude. Exposure by ingestion and dermal pathways is likely to be minimal

and was not quantified.

The threat to human health, both noncarcinogenic and carcinogenic,

was evaluated in terms of risks. Noncarcinogenic health effects of inhalation

exposure to contaminants originating from Site ST14 was found to be insig-

nificant. Carcinogenic risks associated with an individual inhaling ambient

concentrations of VOCs originating from the site, the highest of which was

determined to be 5.7 in 100 million, can be dismissed as inconsequential.

Ingestion and dermal noncarcinogenic and carcinogenic risks are likely to be

minimal and were therefore not quantified.

The threat to wildlife from exposure to contaminants originating

from the POL Tank Farm site is a similar low level of risk as described for

Landfill 1.

Site BSS - Base Service Station

The Base Service Station potentially releases VOCs to the air via

volatilization, and VOCs, bis(2-ethylhexyl)phthalate, and metals to the ground

water via leachate generation. Potentially significant contaminant transport

and fate mechanisms in the air and ground water include: 1) air dispersion,

2) ground-water migration, 3) ground-water discharge to and transport in

surface water, and 4) subsequent uptake by plants and animals. The transport

and fate of contaminants from the Base Service Station follows the same

pathways as described for Landfill 1.

Figure 6-1 in Section 6.1.3 depicts potential pathways for con-

taminants to move from Landfill 1 to human exposure points. These same

pathways apply to the Base Service Station. The potential human and wildlife

receptors of contaminants released from the Base Service Station site are the

same as those identified for Landfill 1. As is the case for all other East

Area sites, inhalation of ambient air is the most direct exposure pathway for

contaminants to move from the Base Service Station to human receptors.
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The maximum predicted annual average concentrations resulting from

estimated Base Service Station emissions for volatile organic compounds are

lower than the conservative TACB ESLs by a minimum of four orders of mag-

nitude. Again, ingestion and dermal exposure pathways were considered

negligible and were not quantified.

The threat to human health posed by the site was evaluated in terms

of noncarcinogenic and carcinogenic risks. Noncarcinogenic health risks were

found to be insignificant and the incremental cancer risk for the maximum

exposed individual, the highest of which is 1.9 in 1 billion, can be dismissed

as inconsequential.

Contaminants originating from the Base Service Station pose a

similar low level of risk to terrestrial wildlife that use the West Fork of

the Trinity River as a source of drinking water, and to aquatic organisms in

the river, as described for Landfill 1.

7.2 Conclusions

The following subsections focus on additional data requirements,

recommended ways to obtain the additional data, and the remedial action

objectives for the East Area sites.

7.2.1 Data Limitations and Recommendations for Future Work

Work on the remedial investigation of the East Area was performed

in multiple stages, each being designed to evaluate the nature and extent of

any contamination present and the potential migration pathways available, such

that remedial alternatives could be identified and evaluated, if required.

Based on the results of the Spring 1990 sampling event, contamination in the

East Area is mainly organic in nature, contaminant concentrations are general-

ly low, and/or contamination occurs in areas of limited areal extent.

Therefore, no additional remedial investigation activities in the East Area

are recommended. While heavy rainfall in the weeks immediately preceding

sampling may have caused some dilution of contaminant concentrations, the
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concentration variations possibly related to this are not expected to differ

significantly from previously observed concentration variations between

sampling events. Activities to confirm this interpretation, especially with

regard to lead concentrations in ground water at the POL Tank Farm, should be

included in pilot scale testing of selected treatment technologies, if

required. Similarly, final delineation of the extent of contaminated soils

and ground water at combined Sites SD13/ST14 and Site ESS should be

accomplished within the context of the detailed remedial alternatives (i.e.,

verification sampling, long-term monitoring) to be developed in the East Area

FS.

7.2.2 Recommended Remedial Action Objectives

Results of studies conducted in the East Area have shown varying

degrees of contamination in the ground water, surface water, and soils. Based

on the existing environmental conditions, the recommended objectives of any

remedial actions are to:

1) Reduce or eliminate potential impacts to human health and the

environment;

2) Reduce or eliminate the potential for future contaminant

migration in the ground water or surface water; and

3) Reduce, eliminate, or immobilize contaminants in residual

wastes or near-surface soil (Upper Zone deposits).

To identify and evaluate remedial alternatives, potentially con-

taminated environmental media were identified based on previous East Area

investigative results. These media include contaminated soil, Upper Zone

ground water, and surface water. Specific remedial action objectives iden-

tified for each of the media are presented in Table 7-1. Remedial action

objectives were developed for each media based upon the following standards or

criteria:
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70-year cancer risk potential;

National interim primary drinking water standards maximum

contaminant levels (MCLs) for organics (40 CFR 141.12 and

141.61) and inorganics (40 CFR 141.11 and 141.62); and

Final MCLs for organics and inorganics (Federal Register, Vol.

56, No. 20, 30 January 1991).

Table 7-1 does not list all contaminants that have regulatory criteria or

standards. Instead the table lists those contaminants that were identified as

indicator chemicals in the baseline risk assessment for the East Area. As

previously explained, metals are included as indicator chemicals, primarily on

the basis of total concentrations detected. The dissolved metals con-

centrations detected in the 1990 sampling event do not suggest significant

metals contamination.
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS

AA atomic absorption

AFB Air Force Base

Alluvium stream-deposited sediment; predominantly clay,
silt, sand, and gravel

Aquifer geologic unit capable of storing and
transmitting significant quantities of ground
water

Aquitard geologic unit impervious to ground water which
acts to contain ground water within an adjacent
unit

AR-AR Applicable or Relevant and Appropriate

Requirement

Artesian term applied to ground water confined under
hydrostatic pressure, water level in well rises
above the top of the aquifer

BCL below ground level

BLS below land surface

Confined Aquifer aquifer confined between two aquitards

DOD U.S. Department of Defense

ECD electron capture detector

EICP Extracted Ion Current Profile

EPA U.S. Environniental Protection Agency

Evapotranspiration loss of water from the soil both by evaporation

and by transpiration to growing plants

Extraction method for mobilizing contaminant species from a
solid matrix prior to analysis

FDTA Fire Department Training Area

FS feasibility study

GC gas chromatography

1



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

GC/HSD gas chromatography/halide specific detector

GC/MS gas chromatography/mass spectroscopy

GFAA graphite furnace atomic absorption spectroscopy

gpd gallons per day

gpm gallons per minute

Hydraulic Conductivity a coefficient of proportionality describing the
rate at which water can move through a permeable
medium

IRP Installation Restoration Program

MCL Maximum Contaminant Level

MS mass spectroscopy

MSL mean sea level

MS/MSD Matrix Spike/Matrix Spike Duplicate

NCP National Contingency Plan

OEHL Occupational and Environmental Health Laboratory

OVA organic vapor analyzer

O&G oil and grease

PCB polychlorinated biphenyl

PID photoionization detector

Piezometric/Potentio- an imaginary surface representing the static
metric Surface head of ground water defined by the level to

which water will rise in a well

ppb parts per billion

ppm parts per million

QAPP Quality Assurance Program Plan

2



GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

QA/QC Quality Assurance/Quality Control

RI/PS Remedial Investigation/Feasibility Study

SOW Statement of Work

Spike a known amount of a compound added to a sample
and analyzed to determine the accuracy of

analysis

SW-846 EPA test methods for evaluating solid wastes,
physical and chemical methods

TCE trichloroethene

TDS Total dissolved solids

TOG Total organic carbon

TOX Total organic halides

TPM Technical Program Manager

Transmissivity the rate at which water is transmitted through a
unit width of an aquifer or confining bed under
a unit hydraulic gradient

Unconfined Aquifer also referred to as "water-table aquifer," an
aquifer in which the water table forms the upper

boundary

USAF United States Air Force

USAFOEHL United States Air Force Occupational and
Environmental Health Laboratory

USDA United States Department of Agriculture

USGS United States Geological Survey

VOC volatile organic compound

Water Table the elevation of the ground-water surface in an
unconfined aquifer
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GLOSSARY OF DEFINITIONS, NOMENCLATURE, AND UNITS (Cont.)

Multiplication Factor Prefix S'rnibo1

1,O0O,0O0,00O,O00,OO0,00O=10
exa- E

l,000,000,000,000,000=1012 peta- P

tera- T

1,000,000,000=106 giga- C

1,000,000=103 mega- M

1,000=102
kilo- k

100=101 hecto- h
10=lO deka- da

O.l=lO deci- d

0.01=103
centi-

0.001=106
milli- a

0.000 001=109 micro- U
0.000 000 001=1012 nano-

0.000 000 000 001=10
15 pico- p

0.000 000 000 000 001=10 fento- £

0.000 000 000 000 000 ooi=io8 atto- a

ppm(parts per million) = mg/kg, ug/g, ng/mg, pg/ug, mg/L, ug/mL, ng/uL
ppb (parts per billion) = ug/kg, ng/g, pg/mg, ug/L, ng/mL, pg/uL
ppt (parts per trillion) = ng/kg, pg/g, fg/mg, ng/L, pg/mL, fg/uL
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APPENDIX A

Lithologic Logs

[Previous Lithologic Logs may be found in
Radian (1986) and Radian (1989)]

A-i



[This page intentionally left blank.)

A-2



J ORILUNG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS I

1. PROJECT:

I

CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 14.6 ft BOL I

8. DATUM FOR ELEVATION SHOWN: sea LeveL I

2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLL B-61 I

3. DRILLING AGENCY: EnvironmentaL DriLLers, Inc. i 10. NO. OF SAMPLES TAKEN: 6

4. HOLE NO.: SD13-O1 11. ELEVATION GROUND WATER: 558.64 ft MSL (3126/90)

[ 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/26/90

6. COORDINATES

j X:
OF HOLE:

2024842.22 Y: 399964.37
L13. SURFACE ELEVATION: 570.30 ft MSL I

14. BACKGROUND: I

t 15. MEASURING POINT ELEVATION: 573.24 ft MSL

(Depth( Graplic BLow
j

SoiL
( I

(Ft.) Log Count ICtass/Code (VisuaL Description Remarks

(
0 U/CLLR (CLay: Dark brown, sLightly siLty, organic, stiff, roots (TopsoiL first 0.5

I

I I (and decaying wood, damp. (ft. Caliche zone j
I I I

((0.2 ft.) at 0.5 (

I I I
(ft. BLS. FuLL

I I I Isampte recoveries I

I I lunless noted. l

I
3

( U/SILT Silt: Light brown, sLightLy cLayey, cohesive, 1 - 2%
I

I I
(granuLe size catcareous noduLes, oxidation stained

( I

I I (mottling, damp. I I

I
4

I U/SILT (Silt: As above, getting sandy (fine grained), not as 11.5 ft. recovery. (

I I (cohesive. (Slight diesel odor.
(

I I I I

I I I I I

I I I

I I I I

(
7.2

I U/SAND (Sand: Greenish/gray, sLightLy clayey, sLightLy (Gradational I

I I I
(cohesive, fine to mediun grained, quartzose, damp; At Ichange; 1.2 ft.

I

I ( (9.0 ft. going to tan, Loose, gravelLy. (recovery; Strong (

I .. . . I I (diesel odor. (

I ( I I I

I •H I I I

I I I I

I

I

I

11
''

r 1

iO 0

(

I

I

U/GRVL (GraveL: VaricoLored, 5 . 10% sand, sheUs, saturated; IW.t.. measured at

IMost graveLs are quartz-chert, 2 - 10 m, subangutar to 10.7 ft. BLS.
(subrounded. (Measured after wel.l

(

(

I

I

J 0 0
IC C Cl

I

I

(

I

Iconpletion at 9.9

(ft. BLS; 3.2 ft.

I

J

I

I

I

I C C
Vc)J

14.51 I 1150

I

I

( U/MARL

I

I

(Limestone: Whitish - gray, weathered, indurated,

sarrpLe recovery.

I

Iorove 1.5 in. S.S.

I

I

I

I I I I (fissile. 1 in. = 50 BLows.
I

I I I I I
IT.D. = 14.6 ft.

(

I I I I I I I

I I I I I I I

I I I I I

( I I I I I (

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I
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DRILLING LOG RADIAN CORPORATION INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 14.2 ft BGL

8. DATUtI FOR ELEVATION SHOWN: sea Level

I 2. LOCATION: East Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DrilL 6-61

3. DRILLING AGENCY: Environmental Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 7

4. HOLE NO.: S013-02 11. ELEVATION GROUND WATER: 559.19 ft MSL (3/26/90)

5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/27/90

6. COORDINATES OF HOLE:

I X: 2024974.41 Y: 400058.53

I 13. SURFACE ELEVATION: 570.64 ft MSL

I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 573.39 ft MSL I

IOepthl Graphic Blow Soil
lift IClass/Code

J

Ivisuat Description
I

I Remarks

I

I

I
0

J U/CLLR IClay: Orange, brown, and green, silty, sandy, 1 - 3% IFult saiiç,lers I

I I Itirnestone gravels, firm, cohesive, dari. lunless noted; 1.3

I I jft. recovery; Looks

I I
jLike fill. j

j
2 j U/CLLR IClay: As above, mottled and layered with varying colors jl.6 ft. recovery.

I I jand grain sizes, very disturbed looking. I I

I I I I

I I I I

I
" U/CLLR Clay: As above. ILooks like fill.

I

I

I

I

I

I

I

I

I

I

I

I

6 U/CLLR Iclay: As above, matrix supported gravels, still has
J

I )disturbed appearance. ) I

I I I I I

I I I I I

j
8 U/SDLR jsand: Orange/tan, 5 - 10% smaLL gravel, loose, varying 11.0 ft. recovery.

I J
Jgrain sizes but mostLy mediur grained, gravels mainly l I

15-10 gin but some to 20 n, dair. I I

I I I I

I I I I

I I I I I

I
1

I
JSand and Gravel: As above but increasing percentage of 12.8 ft. recovery; I

I 1
jgraveL, wet at 13.5 ft. Largest gravels are limestone IW.L. measured at

I I
land occur between 13.5 ft. and 14.0 ft. }13.4 ft. BLS.

I I I I

I I I I I

I I I I I

I 1 JLimestone: Gray, hard, oxidation stained on partings. JT.D. = 14.2 ft.

I I I I I I

I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

U! SO OR

U/ LM SN14

A- 4



I DRILLING LOG I RADIAN CORPORATION LINSTALLATI0N: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

7. TOTAL DEPTH OF HOLE: 14.1 ft BGL

8. DATUM FOR ELEVATION SHOWN: sea Level I

1 2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe Drill. B61 I

1 3. DRILLING AGENCY: EnvironmentaL DriLlers, Inc. 10. NO. OF SAMPLES TAKEN: 9 I

14. HOLE NO.: SD1303 11. ELEVATION GROUND WATER: 557.44 ft MSL (3/26/90) I

1 5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/26/90 I

6. COORDINATES OF HOLE:

I X: 2024919.81 Y:

IDepthJ Graphic

jt

I 13. SURFACE ELEVATION: 568.60 ftMZt.
399934.09 I 14. BACKGROUND: I

I I 15. MEASURING POINT ELEVATION: 571.54 ft MSL
BLow j Soil I

Clay: Dark brown, silty, firm, danp, organic, roots.

IvisuaL Descriotion I Remarks

ICLaY: As above1 becoming orange/brown.

U/CLLR

U/CLLR

U/SILT

U/SILT

U/SAND

(FuLL recoveries

unless noted; 1.3

(ft. recovery.

ISi It:

damp,

(Si It:

Orange/brown, cLayey, cohesive, smaLl, roots,
2 - 5 nmi catcareous nodules.

As above, increasing coarseness (fine sand).

(1.7 ft. recovery;
(Gradational change.

....I

I......
I

I.
I.. . .

I

(1.1 ft. recovery.

ID

(2

13

14

(
6.8 I ISand: Green/gray, very fine - mediuii grained, slightly I

I ( Iclayey and cohesive, dan,, quartzose, subrounded.

8 I U/SAND Isand: As above, Less cLay; 0.4 ft. sand and gravel seam (W.L. measured 9.1 (

I J at 9.0 ft., wet at approximateLy 9.0 ft. Gravels 2 - 5 (ft. BLS after well (

I I rmi (small). Sand is slightly cohesive. Icompletion; Strong (

I I I (diesel odor. j
(

10
J U/SAND Sand: As above, Less clay, fine to coarse grained. (3.0 ft. recovery. (

I I I I I

I I I I I

I I I I

I
12

J U/GRVL (Gravel: Varicolored, 20% sand, 2 - 40 m, Larger Istrong diesel

I I (gravels Limestone and anguLar, smaLler quartz and lodor. I

I I Isubrounded. ( (

I 13.
J U/LMSN (Limestone: Dark gray, indurated. (Sampler (CME) I

I I I Irefusal at 14.0 ft. (

I I I I (Drove 1 1/2 in. I

I I I I I Is.s.; 50 BLows (

I I I I ( 10.1 ft. T.D. =

I I I I I (14.lft. I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I
I I I I I I I

I I I I I I

I I ( I I I

I I ( I I I I

I I I I I I

I I I I I I
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB, 7. TOTAL DEPTH OF HOLE: 10.6 ft BGL I

I IRP PHASE II STAGE 2 I 8. DATUM FOR ELEVATION SHOWN: sea Level I

j 2. LOCATION: East Area I 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

I 3. DRILLING AGENCY: Envirorinental Drilters Inc. I 10. NO. OF SAMPLES TAKEN: 6

I 4. HOLE NO.: S013-04 I 11. ELEVATION GROUND WATER: 558.64 ft MSL (3/26/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain I 12. DATE HOLE ESTABLISHED: 3/26/90 1

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 566.81 ft MSL I

I X: 2024992.02 Y: 399931.97 I 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 569.24 ft MSL I

lDepthl Graphic Blow SoiL

I(Ft.) Log Count ICtass/Code jvfsuat Description I Remarks

U/CLLR Iclay: Dark brown, stiff, organic, damp; At 1.5 ft.

Jgoing to a green Silty clay with calcareous mottling.

U/ CL LR IClay: As above, getting sandy (very fine to fine
Igrained).

U/SDMD

Full recoveries

unless noted

otherwise;
ILimestone fill

Ifirst 0.3 ft.

11.2 ft. recovery.

U/SAND

Sand: Orange/tan, loose, mediun grained, quartzose,
damp.

Sand: Green/gray, slightly clayey and slightly
cohesive. At 7.5 ft. becoming coarse grained, loose,

wet, 5% granule size gravel.

10.8 ft. recovery.

U/GRVL

JW.L. measured at
J7.45 ft. BLS after

Iwell completion.

14.5

16

18.5 aod
I
I

oc)1I

110.2 I
i__Il

IGravel: Varicolored, 20% sand, slightly ctayey, gravels

Ito 50 inn, larger sizes are Limestone clasts, saturated.

U/LMSN ILimestone: Dark gray, fissile, indurated, no fossils.

Istrong diesel odor

18.5
- 9.5 ft.

Iorove s.s.
Isampler; 50 blows =

Ii 3/4 in.; T.D. =

110.6 ft.
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DRILLING LOG j RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

I IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 18.8 ft BGL I

J 8. DATUM FOR ELEVATION SHOWN: sea Level I

I 2. LOCATION: East Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: MobiLe DriLl 8-61 I

I 3. DRILLING AGENCY: EnvirorinentaL Drillers, Inc. J 10. HO. OF SAMPLES TAKEN: 8 I

I 4. HOLE NO.: ST14-O1 J 11. ELEVATION GROUND WATER: 557.09 ft MSL (3/26/90) I

I 5. NAME OF GEOLOGIST: S. E. Fain 3 12. DATE HOLE ESTABLISHED: 3/27/90

6. COORDINATES OF HOLE: I 13. SURFACE ELEVATION: 573.20 ft MSL

I X: 2024309.32 Y: 399886.09 1 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 575.89 ft 1451

joepthj Graphic Blow Soil

I(Ft.)] Log Count IClass/Code Jvisuat Description I Remarks

U/CLLR Clay: Dark brown, slightly siLty, stiff, organic, damp. FuU sampLers

unLess noted.

-t

j

I

I

I

I

1o2 //(//,'r///
r'//A

4

6

U/CLLR

U/CLLR

U/CuR

ICtay: As above, very stiff.

I

I

I

ICLaY: As above, turning gray/green at 5.0 ft.

JCLay: Gray/green, siLty, 5% calcareous material, firm
Ito stiff, danE, oxidation staining.

I

I

I

I

I

I

I 8 ( U/SAND ISand: Greenish/gray, slightLy cLaye 3 - 9 ft., 1.O ft. recovery.

I I slightly cohesive, fine grained, damp; at 9.0 ft. going

I I Ito tan, fine to mediun grained, Loose, quartzose, damp.
I I I I

10 U/SDMD ISand: Tan, mediun grained (mainLy), Loose, >95% quartz, 11.5 ft. recovery;

J
. . .

11-5% smalL graveL, saturated. IW.L. measured at

I . . I I (11.1 ft. BLS
I I I through augers.

I •—
I I I

I I I I

I I I I

I I I I

I I I I

I I I

j 15 U/SDGR ISand and Gravel: As above, increasing gravel content
I -o•i- I jwith depth to 60% at 17.5 ft. I

I

I

I

I

I

I

I

c5.cj.c I5-j. I

ci.b.c I

I

I

18.2f_________ II 'I I

U/LMSN

I

I

I

I

I

IMarl: Gray, fissile, indurated.

I

I

I

I

I

I
T.D. = 18.8 ft.

I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I

A- 7



LP!!JLING LOG I RADIAN CORPORATION JJWSTALLATION: CARSWELL AFB. TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

J 7. TOTAL DEPTH OF HOLE: 17.5 ft BGL

J 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: East Area J 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill B-61

3. DRILLING AGENCY: Envirorvnental DriLlers, Inc. J 10. NO. OF SAMPLES TAKEN: 8

4. HOLE NO.: ST14-02 Lii. ELEVATION GROUND WATER: 558.14 ft MSL (3/27/90)

5. NAME OF GEOLOGIST: S. E. Fain J 12. DATE HOLE ESTABLISHED: 3/27/90

6. COORDINATES OF HOLE:

X: 2024311.81 Y: 400102.44

Deptht Graphic Blow Soil

I 1. SURFACE EIEVATTON: 572.70 ft MSL

I 14. BACKGROUND:

I 15. MEASURING POINT ELEVATION: 575.64 ft MSL
I

2

4.8

6

8.5

10

13.5

U/CLLR

U/CLLR

U/SILT

U/SILT

U/SAND

U/SAND

U/ SD GR

U/LMSN

I

I 17.1

IVisual Description

I

I Remarks
I

I

Iclay: Dark brown, silty, stiff, organic, dan; going to IFULI recoveries

Ilight brown at 3.0 ft. lunless noted. t

IClay: As above, carbonaceous nodules (5%, 1 - 3 m), tAppears to be j
Isiltier. tin-situ. I

ISiLt: Green with oxidation stained mottling, very fine IGradational t

Igrained sand, slightLy clayey, cohesive, 1 - 3 % Ichange. I

calcareous nodules. I t

IsiLt: As above, sandier, roots.

t

t

t

t

t

I

I

t

t

t

I

Sand: Greenish/gray, fine to mediuii grained, ctayey, IStrong diesel

Islightty cohesive, wet at 9.0 ft. lodor. I

Sand: Greenish/gray, coarsening with depth, quartzose, lW.L. measured at
loose, minor gravel (<10%) 12.5 - 13.5 ft. 19-4 ft. BLS through

I laugers; 3.0 ft.

I Irecovery.

JSand and GraveL: Varicolored, 40% gravel (to 20 m), I

I saturated; gravels mainly quartz - chert, subround,

Isand quartzose; increasing gravel to 60% at 16 ft. BLS.

ILimestone: Gray, hard, oxidation staining. IT.D. = 17.5 ft.

I I

I I
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DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS I

1. PROJECT: CARSWELL AFB,

IRP PHASE II STAGE 2

I 7. TOTAL DEPTH OF HOLE: 18.3 ft BGL

I 8. DATUM FOR ELEVATION SHOWN: sea Level

2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile DriLl B-61

3. DRILLING AGENCY: EnviromentaL Drillers. Inc. 10. NO. OF SAMPLES TAKEN: 12

4. HOLE NO.: ST14-O3 11. ELEVATION GROUND WATER: 558.42 ft MSL (3/28/90)

5. NAME OF GEOLOGIST: S. E. Fain 1 12. DATE HOLE ESTABLISHED: 3/28/90

6.

[ç:
COORDINATES OF HOLE:

2024116.09 Y: 400672.37

13. SURFACE ELEVATION: 574.83 ft MSL

14. BACKGROUND:

1 15. MEASURING POINT ELEVATION: 576.72 ft MSL

IDepthl Graphic Blow Soil I

Ivisual Descriotion

0

0.5

2

4

6

I Remarks

LJ/LMSN

U/CLLR

UICLLR

UICLLR

U/CLLR

U/ CL LR

U/ SD C L

18

I
11

12

114

116

I 17.5

(Limestone: Limestone base materiaL; filL material. (DriLled first 0.5

ft.

ICLay: Dark brown, stiff, brick fragments, broken glass, (

Idan,. I

Clay: As above, at 3.0 ft. sharp change to light brown, (Full sampLers

Istiff, silty cLay, with calcareous nodules. Iunless noted.

IClay: Light brown, silty, firm, shell fragments, moist.

Clay: As above, soft, very moist.

IClay: Green/gray, siLty, calcareous nodules, oxidation IGreen foamy liquid

(staining, firm, dairq,. (observed on sample.

Sand: Green/gray with oxidation stained mottling, very

I

10.5 ft. recovery.

I

Iclayey, fine to medius grained, sLightly cohesive, wet.
( I

(sand: Clayey, as above. (1.2 ft. recovery. I

Sand: As above, light gray, not as ctayey. I

ISand: Light gray, fine to mediua grained, subround, I

(homogeneous, wet. I

Sand and GraveL: 50/50, rust colored, limestone gravels

Ito 30 ma, smaLLer gravel mainly chert.

(Limestone: Gray, hard.

U/SD C L

....l
....l

.........I

I

U/SAND

U/SAND

U/ SD GR

U/LMSM

I I

I I

I I

I I

I I

W.L. measured down

(augers at 15.4 ft.

IBLS.

(SampLer (CME)

Irefusal at 18.2 ft.

(Drove S.S; 50

(bLows = 0.1 ft.;

IT.D. = 18.3 ft.
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I DRILLING LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB, TX I SHEET 1 OF 1 SHEETS

1. PROJECT: CARSWELL AFB, I 7. TOTAL DEPTH OF HOLE: 17.0 ft BGL

I IRP PHASE II STAGE 2 8. DATLJ4 FOR ELEVATION SHOWN: sea level I

2. LOCATION: East Area 9. MANUFACTURER'S DESIGNATION OF DRILL: Mobile Drill 8-61

3. DRILLING AGENCY: Envirorinental DriLlers Inc. 10. NO. OF SAMPLES TAKEN: 10

4. HOLE NO.: ST14O4 11. ELEVATION GROUND WATER: 558.74 ft MSL (3/28/90) I

5. NAME OF GEOLOGIST: S. E. Fain 12. DATE HOLE ESTABLISHED: 3/29/90

6. COORDINATES OF HOLE:

I X: 2024566.48 Y: 400231.53
13. SURFACE ELEVATION: 572.90 ft IISL I

j 14. BACKGROUND:

I I 15. MEASURING POINT ELEVATION: 575.74 ft MSL I

IDepth I

lift
Graphic Blow Soil

Id ass/Code Ivisual Describtion
0

0.5

2

4

16

(8

1 Remarks
U/SAND Sand: Sandy loam for first 0.5 ft. IFuIL sample

I recoveries unless

I Inoted.
U/CLI.R Iclay: Dark brown, slightLy silty, stiff, carbonaceous I

I Ispotting, roots, damp. I I

I U/CLLR Clay: As above, going to orange/brown at 3.8 ft.,

I Isittier.

I I I I
U/CLLR Clay: Orange/brown, stiff, calcareous material, damp. I

I I I

I I I

I I I I
J U/CLLR IClay; As above, oxidation staining, caLcareous nodules I
j Jtol5nin. I

I I

I I I I
J U/CLLR IClay: Gray/green. very silty, very fine grained sand, JStrong fuel odor.
I Icalcareous nodules, dairç. I

I I I

I I I I

I I I I

j U/SAND Isand: Gray/green, ctayey, fine grained, wet, JGradational I

I Icarbonaceous staining, cohesive; Going to mediun and change; W.L.

I Icoarse grained at 11.7 ft. Imeasured in weLl at

I I J9.6 ft. BLS.

I I I I

I IGravel: Varicolored, slightly sandy, saturated, Strong fuel odor.

I Ibirnodal; smalLer gravel (5 20 em) mainly subrounded

I Jchert, Larger gravels (20 - 50 nvn) Limestone. I

c i I
U/GRVL IGravel: As above, sand is approximately 25%.

I I I

I I I

I ILimestone: Gray, hard, fissite, oxidation staining on JT.D. 17.0 ft.

I Ipartings. I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I I
I I I I

I I I I I

I I I I I

I I I I

I I I I I

13

15

U/GRVL

U/LMSN
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APPENDIX B

Well Completion Summaries

[Previous Well Completion Summaries may be found in
Radian (1986) and Radian (1989)]
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j WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/26190 1

L 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I
2. LOCATION: Site S013 [ 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.00 ft j
4. WELL NO.: $013-Ui [ 13. MEAS. POINT ELEV.: 573.24 ft MSL

5. WELL OWNER: U.S. AIR FORCE [ 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MOMITORING WELL [ 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATIOM OF COMPLETION: [ 16. SCREEN BEGIN. DEPTH: 7.12 ft

8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: i-Bottom cap, 1-7.55' Screen,1-1O' Riser, 1-Locking Cap, 1-5'xO.5' Locking SteeL Cover

I

I

I

I

GROUND SURFACE

I

I
I

I

TOP OF CASING I

I

I

II I I I I
I I I I I I I I

I BACKFILL MATERIAL: j I I I I I

I I Cement-Bentonite Grout I I I I I

I I I I I I I I

I I \I I I j/ BOREHOLE DIAMETER: j
I I 'I I I \ 8.000 in I

I BOREHOLE I I I I I I

I DEPTH: I I I I I I

I 14.óOft ( I I I I I

I I I I I I SEAL MATERIAL: I

I I I I I J Bentonite I I

I I I I I I I I

I I I I I I I I I

I J SEAL LENGTH: I I I I I I

I I 2.10 ft I I I I CASING DEPTH:

I I I I I I I 14.5Oft J

I I + I I I I I

I I I I I I I I

I I I I I I I I

I I I I I I I I

I I I I I___I I I
I I I I I I I I I

I I I I I_I I I

I I I I I I I I I

I I I I I ( SCREEN LENGTH:
I

I I I I I I J 7.2Oft
I

I J FILTER PACK I I — I I I I

j LENGTH: I I I I I

I j 9.6Oft
J I_I I I I

I I I I I I I I

I I I I I I I 1

I I I I I I I I I

I I I I I J BLANK LENGTH:
I

I I I I I I I 0.l8ft
I

I I I I I I I I I

I

I

I

I

I

I

I

+

I

I

I

I I I

I

I

+

FILTER PACK MATERIAL: 8-20 SiLica Sand
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I WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSUELI AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/27/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site $013 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 7.40 ft

4. WELL NO.: SD13-02 13. MEAS. POINT ELEV.: 573.39 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in J,

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC J

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 9.50 ft

8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-5'x2" Screen, 1-10'x2" Riser, 1-2.5'x2" Riser, 1-0.2' Bottom Trap, 1-Locking Cap, 1-5'xO.5' Steel

Protective Cover .

I,

I

I I I

TOP OF CASING

I

I

GROUND SURFACE I I

t I I I I t I

I I I I I I I I

I BACKFILL MATERIAL: I I I I I I

I I Cement-Bentonite Grout I I I I I

I I I I I I I I

I I \I I I I' BOREHOLE DIAMETER: I

I I 'I I I I\ 8.000 in I

I BOREHOLE I I I I I I

I DEPTH: I I I I I I

I 14.2Oft I I I I I I

I I I I I ( SEAL MATERIAL:
I I

I I I I I I Bentonite
I I

I I I I I I I I

I I t I I I I I .1
I I SEAL LENGTH: I I I I

I I 2.10 ft I I CASING DEPTH: I

I I I I I I I 14.2Oft I

I I 4 I I I I I I

I I t I I I I I I

I I I I I I I I I

I I I I I I I I I

I I I I I_I I t I I

I I I I I I I I I

I I I I I_I I I I I

I I I I I I I I I I

I I I I — I I SCREEN LENGTH: I

I I I I I I I 4.OOft
I

I I FILTER PACK — I I I I I

I I LENGTH:
I I I I I

I I 6.BOft I_I I I I I

I I I I I I I 4' I I

I I I I I I I t I I

I I I I I I I I I I

I I I I I I I BLANK LENGTH: I I

I I I I I I I O.7Oft I

I I I I I I I I I I

I

I

I

I

I I I

I I

I I

I

4' 4' I

I

I

I

4' 1 I I

IFILTER PACK MATERIAL: 8-20 Silica Sand
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WELL COMPLETION LOG I RADIAN CORPORATIOt4 I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB

1

9. INSTALLATION DATE: 3/26/90 I

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site SD13 11. ZONE OF COMPLETION: Aquifer

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.00 ft I

4. WELL NO.: SD13-03 13. MEAS. POINT ELEV.: 571.54 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 7.08 ft

8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-5'x2" Screen (cut), 1-10'x2" Riser, 1 Bottom Cap, 1-Locking 2" Cap, 1-5'xO.5' SteeL Protective

L Cover

FILTER PACK MATERIAL: 8-20 Silica Sand

B—5

nRCIIMO SUPFAF

TOP OF CASING

I I I I

I I I I

BACKFILL MATERIAL:
I I I I

Cement-Bentonite Grout
I I

I I I I

'I I I I'

'I I I I'

I I I

I I I I

I I I I

I I I I

I I I I

_______ I I I

t I I I I

I I I I

I I I I

I I I

_______ I I ___

BOREHOLE DIAMETER:

8.000 in

SEAL MATERIAL:

Bentoni te

t

BOREHOLE

DEPTH:

14.10 ft

+

t

CASING DEPTH:

14.00 ft

4.

SEAL LENGTH:

2.30 ft

4.

t

FILTER PACK

LENGTH:

9.10 ft

4,

I I

I I

I — I

I — I

I I

I — I

I I

I — I

I I

I — I

I I

I I

I I

I I

I I

I I

t

SCREEN LENGTH:

6.77 ft

I

BLANK LENGTH:

0.15 ft



I WELL COMPLETION LOG I RADIAN CORPORATION
I

INSTALLATION: CARSWELL AFB I

1

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB 9. INSTALLATION DATE: 3/26/90

10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

2. LOCATION: Site SD13 11. ZONE OF COMPLETION: Aquifer
3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 4.30 ft
4. WELL NO.: SD13-O4 13. MEAS.POINT ELEV.: 569.24 ft MSL
5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in I

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC I

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 5.80 ft

8. LOCATION TYPE: WL I 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1-O.2'Bottom Trap, 1-5'x2" Screen, 1-1O'x2" Riser (cut), 1-Locking Cap, 1-5'xO.5' Steel Protective

Cover

TOP OF CASING

I

I I I

I

I

GROUND SURFACE I t I

II I I I I t
I I I I I I I I

I BACKFILL MATERIAL: I I I I I I

I I Cement-Bentonite Grout I I I I I

I I I I I I I I

I I \I I fr BOREHOLE DIAMETER: I

I I 'I I J I' 8.000 in I

I BOREHOLE I I I I I I

I DEPTH: I I I I I I

I 1O.6Oft I I I I I I

I I I I I I SEAL MATERIAL: I I

I I I I I I Bentonite
I I

I I I I I I I

I I I I I I I I

I SEAL LENGTH: I I I I

I 2.00 ft I I CASING DEPTH:
I

I I I 10.5Oft
I

I I I I I

I I I I I

I I I I I

I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I I

I I I I I

I I I I I

I I FILTER PACK I I

I I LENGTH: I I

I I 6.3Oft I

I I I I

I I I I

I I I I

I I I I

I I I I

I I I I I

I . I

:

.

I I

I I

I I

I I

I — I
I I

I — I
I I

— I
I I

I — I
I I

I — I
I I

I I

I I

I I

I I

SCREEN LENGTH:

4.00 ft

4,

I

BLANK LENGTH:

0.70 ft

4,

FILTER PACK MATERIAL: 8-20 Silica Sand
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9. INSTALLATION DATE: 3/27/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I
2. LOCATION: Site ST14 I 11. ZONE OF COMPLETION: Aquifer I

j3. INSTALLING CO.: Radian Corporation I 12. SEAL END DEPTH: 6.50 ft I
4. WELL NO.: ST14-O1 I 13. MEAS. POINT ELEV.: 575.89 ft MSL

5. WELL OWNER: U.S. AIR FORCE I 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL I 15. CASING MATERIAL: ScheduLe 40 PVC

[ 7. FORMATION OF COMPLETION: I 16. SCREEN BEGIN. DEPTH: 8.45 ft

8. LOCATION TYPE: WI I 17. SCREEN SLOT SIZE: 0.02 in

18. REMARKS: 1-1O'x2" Screen, 1-1O'x2" Riser, 1-bcking Cap, 1-Bottom Cap. 1-5'xO.5' Locking SteeL Cover

I _________ TOP OF CASING I

I I I I

I GROUND SURFACE I _____________________________________________ I

I t I I I I f I

I I I I I I I

I I BACKFILL MATERIAL:
I I I I I

I I Ceinent-Bentonite Grout
I I I I I

I I I I I I I I

I I \I I I If BOREHOLE DIAMETER:
I

I I 'I I I I' 8.000 in

I
BOREHOLE

I I I I I I

I DEPTH:
I I I I

I 18.SOft
I I I I I I

I I I I I I SEAL MATERIAL:
I I

I I I I I I Bentonite I

I I ______ I I I I I I

I I t I I I I I I

I I SEAL LENGTH:
I I I I

I I 2.00 ft
I I I I CASING DEPTH:

I

I I I I I I I 18.4Oft I

I I 1' I I I I I I

I I t I I I I I I

I I I I I I I I I

I I I I I ___ I I _______ I I

I I I I I........I I 1' I I

I I I I I ___ I I I I I

I I I I I_I I I I I

I I I I I ___ I I I I I

I I I I I — I I SCREEN LENGTH:
I I

I I I I I _______ I I 9.75ft
I I

I I FILTER PACK — I I I I

I I LENGTH:
I_______ I I I I

I I 12.30 ft
f I I I I

I I I I I ___ I I ________ I I

I I I I I I I I I I

I I I I I I I I I

I I I I I I I BLANK LENGTH:
J I

I I I I I I I O.2Oft
I

I I I I I I I I I I

I I I I I I I _____________ I

I I I I I

I ____________ I I

FILTER PACK MATERIAL: 8-20 SiLica Sand I
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WELL COMPLETION LOG I RADIAN CORPORATION INSTALLATION: CARSWELL AFB I

I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB I 9.

I 10.

INSTALLATION DATE: 3/27/90 I

WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN I

2. LOCATION: Site ST14 11. ZONE OF COMPLETION: Aquifer I

3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.00 ft I

4. WELL NO.: ST14-02 13. MEAS. POINT ELEV.: 575.64 ft MSL I

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC •

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 7.05 ft I

8. LOCATION TYPE: WL 17. SCREEN SLOT SIZE: 0.02 in I

18. REMARKS: 1-10' Screen, 1-10' Riser, 1-0.2' Bottom Trap f

GROUND SURFACE

_________ TOP OF CASING

BACKFILL MATERIAL:
I

Cement-Bentonite Grout
I

'I

'I

t I I

SEAL LENGTH:

2.3Oft
I

I I I

______ I I

I I

I I

I I

I'

I I'

I I

I I

I I

I I

I I

I I

t

BOREHOLE DIAMETER:

8.000 in

SEAL MATERIAL:
I

Bentonite
I

CASING DEPTH:

17.10 ft

t

BOREHOLE

DEPTH:

17.50 ft

4,

f I I I I I I

I I I I I I I

I I I I I I I

I I I_I I I I I

I I I I I I I I

I I I_I I I I I

I I I I I I I

I

I

I

I

I

I

I

I

J

I

SCREEN LENGTH:

9.75ft
I

I

I

I

FILTER PACK
I I I I I

LENGTH:
I I I I I I

12.5Oft
I I I I I I I

I I I I I 4• I I

I I I I I I I I

I I I I I I I

I

I

I

I

I

I

I

I

I

I

BLANK LENGTH:

O3Oft
I

I

I

I I I I I I I I

I

I

I I I I

I

+ + I

I

+ I I I

I
FILTER PACK MATERIAL: 8-20 SiLica Sand I
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WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I
1. PROJECT: IRP PHASE II STAGE 2, CARSUELL AFB I 9.

1 10.

INSTALLATION DATE: 3/28/90

WELL COMPLETION METHOD: GRAVEL PACK W/SCREEN

2. LOCATION: Site ST14 11. ZONE OF COMPLETION: Aciuifer
3. INSTALLING CO.: Radian Corporation 12. SEAL END DEPTH: 5.80 ft

4. WELL NO.: ST14-03 j 13. MEAS. POINT ELEV.: 576.72 ft MSL

5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 7.85 ft

8. LOCATION TYPE: WL 17.

18. REMARKS: 1-1O'x2" Screen, 1-1O'x2" Riser, 1-Locking Cap,

SCREEN SLOT SIZE: 0.02 in

1-0.2' Bottom Trap, 1-2.5'x2" Riser (cut)

f
GROUND SURFACE

________ TOP_OF_CASING

BACKFILL MATERIAL:

Cement-Bentoni te Grout

I I

/ BOREHOLE DIAMETER:

I J\ 8.000 in

I I SEAL MATERIAL:

I I Bentonite

I I I I I

'I I

'I I

I I I I

t I I I I
SEAL LENGTH: I I

2.3Oft I I I

I I I I I

4. I I I I I

t I I I I I

I

CASING DEPTH:

17.90 ft

BOREHOLE

DEPTH:

18.30 ft

4.

FILTER PACK

LENGTH:

12.50 ft

I

I

I

I

II_I
I

I

I

I

I

I

I

II
I I I I I I

I I_I I I I

I I I I I I

I I — I I SCREEN LENGTH: I

I I I I 9.75ft I

I I_I I I I

I I I I I I

I I_I I I I

I

I

I

I

I

I

I

I

4' I

I1

I I I I I I

I I I I
BLANK LENGTH: I

I I I I
O.3Oft I

I I

I

I

I

I I

4'

I

4.

I FILTER PACK MATERIAL: 8-20 SiLica Sand I
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I WELL COMPLETION LOG I RADIAN CORPORATION I INSTALLATION: CARSWELL AFB I

1. PROJECT: IRP PHASE II STAGE 2, CARSWELL AFB

I

I 9. INSTALLATION DATE: 3/29/90 I

I 10. WELL COMPLETION METHOD: GRAVEL PACK U/SCREEN I

J 2. LOCATION: Site ST14 11. ZONE OF COMPLETION: Aquifer

J 3. INSTALLING c0.: Radian Corporation 12. SEAL END DEPTH: 4.30 ft

J 4. WELL NO.: ST14-04 13. MEAS. POINT ELEV.: 575.74 ft MSL

J 5. WELL OWNER: U.S. AIR FORCE 14. CASING DIAMETER: 2.00 in

J 6. WELL TYPE CLASS: MONITORING WELL 15. CASING MATERIAL: ScheduLe 40 PVC

j 7. FORMATION OF COMPLETION: 16. SCREEN BEGIN. DEPTH: 6.45 ft

8. LOCATION TYPE: WI 17. SCREEN SLOT SIZE: 0.02 in J

18. REMARKS: 1-1O'x2" Screen, 1-1O'x2" Riser,

I (2")
1-0.2' Bottoni Trap, 1-5'xO.5' SteeL Protective Cover, 1-Locking Cap

TOP OF CASING

______ BOREHOLE DIAMETER:

I' 8.000 in

SEAL MATERIAL:

Bentoni te

I

I

GROUND SURFACE

t I

I I I I I

I
BACKFILL MATERIAL:

I I

I I
Cement-Bentonite Grout

I I

I I I I I

I I 'I I I

I I /1 I I

I
BOREHOLE

I I I

I
DEPTH:

I I I

I
17.00 ft

I I I

I I I I

I I I I I I

I I I I I

I I t I I I I

I I
SEAL LENGTH:

I

I 2.OOft
I I I

I I I I I I I

I I 4. I I I I

I I t I I I I

I I I I I I I

I I I I I I I

I I I I I_I I

I I I I I I I

I I I I I_I I

I I I $ I I I

I I I I I_I I

I I I I I I I

I I
FILTER PACK — I I

I I
LENGTH: I_______ I I

I I
12.7Oft I — I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I I I

I I I I I

I + 4. I I

I

CASING DEPTH:

16.50 ft

I

SCREEN LENGTH:

9.75 ft

t

BLANK LENGTH:

0.30 ft

I

FILTER PACK MATERIAL: 8-20 SiLica Sand
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APPENDIX C

Well Development Information

(Previous Well Development Information may be found in
Radian (1986) and Radian (1989)]
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APPENDIX D

Water Quality Sampling Records

[Data from Previous Studies may be found in
Radian (1986) and Radian (1989)]
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GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

SAMPLES TVPE #4SACOO
0- OUPUCATE FE.
R. REPUCATE TB.
S. SPBE I_B-
K.- KNOWN N.

SAMPLE METHOO& (WSMCODE)

G- GRAB
B- MILER
PP - PERISTAUC PUMP
SL - SUCTION LiFT PUMP

- SUBM1BLE PUMP
AL - MR-UFT SAMPLER

- BLADDER PUMP

INSTALLATION ID LOG DATE

LOCATION ID -- i)/ - /
SAMPLE TYPE SAMPLE ID

LOG TIME /0)
LOT CONTROLNO.

SAMPLE DEPTh (Fr.) 7—
7T 9 6CJqO

INITIAL GROUNDWATER DEPTH (FT) ' &'f'57 '1'(
SAMPLING PERIOD: START COMPLETE
SAMPLING METHOD LOGGER CODE 'u-"
LAB CODE DATE SENT '-9/)
PRESERVATION METWI "couiipiis '4' ,4ie5 /(,71• /11J /i

44 ''-z.�
ANAL PARAMETER MEASUREMENTS:

DETECT1O.

POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE SC Mmhas/crn /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

,' qZZ *

.

TIME
TOTAL VOLUME

WITHDRAWN pH (jmhosIcm) COMMENTS

(GALS) B... Volumss/i 0.0 0.0 — - - START PUMPING

//ç7 2 é2'/) A' -:- iZ 'f97
'4 Th/c- ,fI2t'7c't '9 t'.t"z -L'- .Z7 744 ,4cC. 76,i

/c72 £2 /; hZ Z/ é. 1 zi- 7)4"'' . " 4q0'; /;r 1//$r7f '#//f'

RELD

TRIP

LB BLANK
NORMAL

D- 3



GROUND WATER QUALITY SAMPUNG RECORD
PAGE 1

FIPL PARAMETER MEASUREMENTS:

POTENTiAL. OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALItIITY(CaCO3)

SAMPLES T SAO
0- JPUCATE FB. FIE.D BLANK
R- RUCATE TB. TRIP BLANC
S. SPIKE LB. LABBLANC
K- KNOWN N. NORMAl.

MmhosIcm
mvolts

SAMPLE METHOO (WSMCODE

3- 3MB
B- BALER
PP. PERISTAUC PUMP
St. - SUCflON UFT PUMP

D—4

DETECflC
UMIT

— t9.t2//
— —
=

SP- SUBMIBLE PUMP
AL - ASR.UFT SAMPtER
BP- BLADDER PUMP

1NS7AUJTION ID _______ LOG DATE ___________ LOGTIME

LOCATiON ID '''/ - LOT CONTROL NO. ___

SAMPLE TYPE 'a-" SAMPLE ID _____________ SAMPLE DEPTH (FT.)

3 Z '5-
INITIAL GROUNDWATER DEPTH (FT)
SAMPUNG PERIOD: STAT - — COMPLETE _____________
SAMPUNO METI1OD ' LOGGER CODE

LAB CODE ___________ DATE SENT
PRESERVATION METHOD
COMM NTS '7 P'' ,2/v'4 i 7f J #"L4/'

/ O3 / I7( ,- �/Y-6 j2,i7 ;-7T

pH S.U.
SC
Eli
TEMP •C
AU( mg/I -

- tC 39ti/—
.

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

(mho$cm)
EMP
('C) COMMENTS

.

I QALS) Bors VOIMm.s,/ 0.0 0.0 - - - START PUMPING

//sç 2.0 72 /'/ k
/70 �) /j 7;/.% ''
7L 2ç .;z9 Z.ij //

/ 2ii ,' ) fj 9ç "
/7/ /20 • "
/2i'/ /3.p - —



GROUND WATER QUALITY SAMPLING RECORD
PAGE 1

SAMPLBS TYPE(WSAOE
0 - DUPUCATE ffi - FIE.D BLANK
R - REPLICATE 15 - TP BLAMC

S. SPIKE LB. LABBLANK
K. KNOWN P4. NORMAL.

SAMPLE METhOC (WSMCODE)

G- GRAB
B- BAILER
pp. PERI5TAUC PUMP

SI.- SUCTION UFT PUMP

D- 5

SP- SUBM1BLE PUMP
AL - NR.UFT SAMPLER

- BLADDER PUMP

)
INSTALLATION ID (3 - LOG DATE LOG TiME

LOCATION ID '-"— /? LOT CONTROL NO.___

SAMPLE TYPE hL SAMPLE ID

/4,,'7o

SAMPLE DEPTh (FT.) /722

J
INITIAL GROUNDWATER DEPTH (FT)
SAMPlING PERIOD: STflT COMPLETE
SAMPLING MEHOO M' LOGGER CODE
LAB CODE DATE SENT
PRESERVATION METHOD
COMMENTS

FiNAL PARAMETER MEASUREMENTS:
DETECT1O

POTENTIAL OF HYDROGEN pH s.U. h
SPECIFiC CONDUCTANCE SC umho$/Cm
REDOX POTENTiAL Eh mvolts
TEMPERATURE TEMP C

ALKALINITY (CaCO3) ALK mg/I
?'*' A1k".o
1eck AI u4ele kqc 7o3\ Pk 383

TiME
TOTAL VOLUME

WITHDRAWN pH Iumh.slcm) COMMENTS•

(GALS) Bef• Volsimss

/i//p 0.0 0.0 — — — START PUMPING

j///- 21c7 /9c 1 -

//7O O 49 /Z,- /,?
/7/Zd( O -Z t# '?f3 '/

/'2' /3,9 ,3"9- "
'/:/ . ,4/ // 63 //

f- , r & -
4ett,t 2O



GROUND WATER QUALITY SAMPUNG RECORD

pH S.U.
Mmhoslem
mvolts

SC

mg/I

PAGE 1

BAMPLES1YPM5A
0 - DUPLICATE FE. FIB.O .ANK
A - REPLICATE TB. TRIP BLANC
S. SPIKE LB. LAS BLANK
K. KNOWN N. NORMAL

BAME UH0tMcO0
G- GRA8
B- BAILER
PP - PtRI5TAUC PUMP
SI.- SUCTiON LIFT PUMP

D— 6

SP- sLJaMlaLE PUMP
AL - pn.uFr SAMPLER

p. BLADOEP PUMP

SAMPLE TYPE 'V

INSTAI.LATION ID _______ LOG DATE $-/2 '
LOCATION ID I' - LOT CONTROL NO.

SAMPLE 3D

LOGYIME /ó41)

SAMPLE DEPTh (FT.) /t' ,72
7?? ) z..- Z7 (5I'i.-Ai8'/; o vINITIAL GROUNDWATER DEPTH

SAMPLING PERIOD: START
SAMPUNG MET)400 /

(FT) /t'
COMPLETE -

. 1t
.

LOGGER CODE ••.

LAB CODE J94/ DATE SENT /55 :,

TPRESERVATION METH 'v:

RNAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO5)

SC
Eh
TEMP
ALK

DErEcTIc
UMfl

//-
.

TIME
TOTAL VOLUME

WITHDRAWN pH (.ILIIVhO$ICM) IM COMMENTS•
(GALS) Bets Volum..

/bV? 0.0 0.0 - - START PUMPING'v o 3 9
'? -o

.O
? p3,3'; r' 1L7 %?<'# ) -7

//
Io "

/cC. /6ZO •
///9/3? /71-' — — —



GROUND WATER QUALITY SAMPUNG RECORD
PAGE 1

SAMPLES TYPES (WSACOOE

0. OUPUCATE FB-
R. REPUCATE lB-
S. SPIKE LB.
K- KNOWN N.

ImP SLUM
LAB BLANK

NORM

SP- SUBM'RLE PUMP
N.- MA-UFT SAMPt
BP - BLADDER PUMP

INSTALLATION ID ________ LOG DATE

LOCATION ID //
SAMPLE TYPE

c-/, ro

SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT)

INITiAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START________________
SAMPUNG METJ'IOD

//' 7,. 3ZQ 'i3r -25J''- i)/ff4*,<
COMPLETE 42

LOGGER CODE
DATE SENT C—/a -9s .LAB CODE /(,z'tJ .

—/4�PRESERVATION METHOD °'I
COMMENTS

.

DETECTIOI
PARAMETER MEASUREMENTS: UMIT

.

SPECIFIC
POTENTIAL OF HYDROGEN pH S.U.

CONDUCTANCE SC MmhO$/Cm
POTENTIAL Eh mvolts

TEMPERATURE TEMP C
ALKAUNITY (CaCO3) ALK mg/I

.

TOTAL VOLUME SC rEMP, COMMENTSWITHDRAWN pH IMmhoalcm) (0)
(GALS) Bog. VOivift•s

0.0 0.0 - - - START PUMPING

&• 9,h 697' 6//6-,4'77'6,I
3T o zo 9ta //2 g// 9q' ,/

6U 9p;- 9c'1
-

'6 o • i; 9 c' '7

//1. //O — — —

SAM MHO0McOD
G- GRAS
B- BAILER
PP- PERISTAUC PUMP
SL - SUCflON LFT PUMP

D- 7



GROUND WATER QUALITY SAMPLING RECORD

INSTALLATiON ID _______ LOG DATE
LOCATION ID Di3 - 0/

PAGE 1

INITIAL GROUNDWATER DEPTH (FT) /7'
SAMPLING PERIOD: STAR COMPLETE
SAMPUNG METJIOD LOGGER CODE '""
LAB CODE fr9" DATE SENT
PRESERVATION METh()I) '-< /'4 '--: "-s -
COMMENTS

DETEC1ION
FiNAL PARAMETER MEASUREMENTS: UMIT

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE Sc jjmhoilcm ?0
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C ff7_I'

ALKAUNITY (CaCO3) ALK mgII,is'oe '#7'é-' #I4( 1)
12'7qL 'i's , r_ ,

TIME
TOTAL VOUJME
W1THDRAJI PH

Sc
(ginhoslcm)

rEMP
C

COMMENTS.

(GALS) S-VOIWR.S

757 0.0 0.0 - - - START PUMPING

/. 7 / 72 4 (9 Lf/g.'l(I 31.'r . '

(Er' Z. C) �T3 ei- to "
I3Z 7 c / "
t'Z O S2 b.�' 'Y?9O bc /'

SAMP1.55 TYPES (WSADE) SAMP1.5 MErH 05 (WSMCODEI
0- DUPLICATE FB- F1ELOBLANK G- GRAB
R - REPLiCATE TB - TRIP BLANK B - BAILER
$ - SPIKE LB - LAB BLANK PP. PERISTALJC PUMP
K - KNOWN N- NORMAL SL- SUCTION LIFT PUMP

SAMPLE TYPE Al SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) / 2S-'

D- 8

SP- SUBMIBLE PUMP
AL. AIR-UFT SAMPLER
BP - BLADDER PUMP



GROUND WATER OUAUTY SAMPLING RECORD
PAGE 1

SAMPLES TYPES MSAD
0. DUPUCATE FB.
A. REpucArE 'TB.
S. SPIKE LB.
K. KNOWN N-

SAMPLE METH D& (WSMCODE)

G- GRAB
B- SAILER
PP- PERISTAUC PUMP
SI. SUCTION LIFT PUMP

D-9

INSTALLATiON ID _______ LOG DATE
LOCATION ID 2/ r7Z
SAMPLE TYPE N SAMPLE ID

__________ LOG TIME/
LOT CONTROL NO.

SAMPLE DEPTH (FT.) / 'S (17)

- ...— 72)
GROUNDWATER DEPTH (FYi /S- ?'72,—

SAMPLING PERIOD: START COMPLETE J'3L
SAMPUNG METHOD LOGGER CODE <''

CODE DATE SENT_________________
PRESERVATION mc W, (V < 2-)' 1hJ) // "t-1 . /4i
COMMENTS ' ' DETECTION

PARAMETER MEASUREMENTS: UMif
POTENTIAL OF HYDROGEN pH SU. /1

SPECIFiC CONDUCTANCE SC MmhO$/Cm
POTENTIAL Eh mvolts

TEMPERATURE TEMP C

ALKAUPIITY (CaCO3) ALK mg/I
0- -ça -'6d 3/t2

TOTAL VOLUME
WITHDRAWN flj

(GALS) *avB Vehamss
pH

SC
(a&mhe,Icm) M0 COMMENTS

0.0 0.0 - - - START PUMPING

2. z — Z b-/o ) /2g',L iTZ' C '''7
2.2 b.½ 6 "

/, 2?2 co e. 9i2 bY/ II

(2b" ,,

/ '2

naD
TRIP e
L&B BLANK

NORMAL

SP.
AL-
ep.

SUBMERSIBLE PUMP

MRFT SAMPLER
BLADDER PUMP



GROUND WATER QUAUTY SAMPLING RECORD

PAGE 1

SAMPLES TYPES (WSACOOE)

DUPUCATE FE.
REPUCATE TB-

- SPtKE LB.
• KNOWN N.

SAMPLE METHODS (WSMCODE)

G. GRAB
B- BM.ER
PP. PERISTAUC PUMP
SL- SUCTION UFT PUMP

D-10

5p. SUBMERS)BLE PUMP
AL- AJR4JFT SAMPLER
BP. BLADDER PUMP

INSTAU.ATION ID

LOCATION ID

-
LOG DATE

SAMPLE TYPE " '
________ LOG TIME

SAMPLE ID

LOT CONTROL NO.

SAMPLE DEPTH (Fr.) /t 3 M72-
72/.3'j

INITIAL GROUNDWATER DEPTH (FT) " 3 ''
SAMPUNG PERIOD: START /t'32- COMPLETE
SAMPUNG METhOD LOGGER CODE H

LAB CODE /<'v DATE SENT
PRESERVATION METhOD '; '' 1 /4 ,.4,1
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTiON

POTENTIAL OF HYDROGEN pH s.u.
SPECIFIC CONDUCTANCE SC Mmhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP 'c
ALICAUNITY (CaCO3) ALK mg/Ioj' '_ - .9ç

TIME
TOTAL VOLUME
WITHDRAWN, pH

SC
(Mmho.lCm) TMP COMMENTS

(GALS) BefVo*
/(2/ 0.0 0.0 — - - START PUMPING

T&p,
'I

/('2& -' zo/i 5 / 9 - 2/c z / e' c'/ I,

/737 Z//7 7 //

RELD
TRIP Ar
LAB BLANK

NORMAL



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

SAMPLES TYPES: (WSACOOE)

D- DUPUCATE FB-
R - REPUCATE TB -

S- SPIKE LB.
K- KNOWN N-

SAMPLE METHODS: (WSMCODE)

G- GRAB
B- BAILER

PP - PERISTAUC PUMP

SL - SUCTION UFT PUMP

D— 11

SP - SUBMIBLE PUMP
AL - AIR.UFT SAMPLER

BP- BLADDER PUMP

INSTALLATION ID

LOCATION ID

SAMPLE TYPE

LOG DATE
3D/3 —

'V SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.)

GROUNDWATER DEPTH (FT) -' 'LS7P

SAMPLING PERIOD: STAT COMPLETE /'
SAMPUNG METHOD /5 LOGGER CODE________________

CODE DATE SENT //iI'?O
PRESERVATION METhOD --': -- 'a'-
COMMENTS

PARAMETER MEASUREMENTS:
DETECTION

POTENTIAL OF HYDROGEN pH S.U. b
SPECIFIC CONDUCTANCE SC MmhO./Cm (

POTENTIAL Eh "volts
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I;t'- '' /-

TOTAL VOLUME
WITHDRAWN pH

sc
(umhosIcm) COMMENTS

(GALS) Bars Volumss

/3t 0.0 0.0 - - - START PUMPING

/. 12 /9-2-- ,ç",L
s7 4?2- 39 75', "

. 0 b. 9 io tcTs "
T,'9- b Z2- 'y

A

nao NK
TRIP BLM
LAB BLANK

NORMAL



SURFACE WATER QUALITY SAMPLiNG RECORD

INSTALLATION ID LOG DATE

LOCATION ID
SAMPLE TfPE Al SAMPLE ID

SAMPUNG PERIOD: START ___________ COMPLETE
SAMPUNG METHQD LOGGER CODE

LAB CODE f/,q-'fr' DATE SENT - -

PRESERVATION METHOD q°; /
COMMENTS '/ -

PARAMETER MEASUREMENTS:

POTENTiAL OF HYDROGEN
SPEQFIC COPCUCTA NCE
REDOX POTENTIAL
TEMPERATURE
ALKAUPITY (CaCO3)

et4 3(c9

INSTALLATIONID CS LOG DATE - —
LOCATION ID S D%3 ,'5tP)
SAMPLE TYPE SAMPLE ID ___________

SAMPUNG PERIOD: START - ___________
SAMPUNG METhOD 4- _______—
LAB CODE
PRESERVATION METHOD
COMM ENTS 4"4-d ?7,FL -

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)

Pk -3-/
SAMPLE TYPES (WSACOOE) SAMPLE METhODS CSMCODE)

D - DUPUCATE FB. FiELD BLANK G - GRAB SP. SUBMERSZBLE PUMP

R- REPUCATE TB- TRIP BLANK B. BAILER AL- AIR-UFT SAMPLER

S- SPIKE LB - LAB BLANK PP. PERISTAUC PUMP SP. BLADDER PUMP

K - KNOWN N. NORMAL SL- SUCTION UFT PUMP

D— 12

LOT CONTROL NO.
LOG TIME ______

SAMPLE DEPTH (FT.) '

cyq

14hC'E1 —7--� -

Te (O0
pH S_U.

SC

Eh
TEMP

DETECTION
UMIT

jimhos/cm
mvoit.

OC

ALK mg/I

/—
9.f

LOT CONTROL NO.

LOG TiME

SAMPLE DEPTH (FT.) 0,5 5t

__________ COMPLETE
LOGGER CODE
DATE SENT' '/ /,. - P7 % ,447 -&c

41 O0
pH S.U.
SC
Eh

TEMP

DETECTION
UMIT

umhos/cm
mvol tS

oC
ALK mg/I

-173

t7./



SURFACE WATER QUALITY SAMPUNG RECORD

POTENTiAL OF HYDROGEN
SPEOFIC COPOUCTAN
REDOX POTENTIAL
TEMPERATURE
ALKAUMTY (CaCO3)

00
tb4t1i AV -' 23 - 243

INSTALLATION ID _________ LOG DATE —
LOCATiON ID
SAMPLE VT'PE_________ SAMPLE ID —

LOT CONTROL NO.

SAMPUNG PERIOD: START
SAMPUNG METHOD _____
LAB CODE _____________
PRESERVATION METHOD —
COMMENTS __________

COMPLETE —
LOGGER CODE
DATE SENT —

PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPE1FIC CONDUCTA NCE
REDOX POTENTIAL
TEMPERATURE
ALKALINiTY (CaCO3)

pH S.U.
Sc
Eh

TEMP

Mmhos/cm
mvott

OC

ALK mg/I

DETECTION
UMIT

SAMPLE 1'v'PES (WSACOOE)

D- DUPUCATE FB-
R - REPUCATE TB -

S. SPiKE LB.
K. KNOWN N-

LOT CONTROL NO.

LOG TIME C-'7

SAMPLE DEPTH (FT.) 1'S &t

INSTALLATiON ID -' LOG DATE
LOCATION t �2)i —$
SAMPLE TYPE /' /d'L D SAMPLE ID

SAMPUNG PERIOD: START oc\sS COMPLETE tO3
SAMPUNG METHQP LOGGER CODE

LAB CODE /4" DATE SENT

PRESERVATION METHOD -i '"' ,4A4:l,
COMMENTS /d4i7 I4L i4 ,4l O,t*t26 ,w-l' /41

,,, 1i€-'ini s i1 ,1 , 2's. ?2
-= / , /'r.4 y Z

- .-' ,,q,jrOETECT1ON
PARAMETER MEASUREMENTS: UMIT

pH S.U. _________ _______
sc _____________ /
Eh
TEMP
ALK mg/I

jimhos/cm
mvofts

OC ,Z /

(--o?:;;f"
LOG TIME

SAMPLE DEPTH (FT.)

FIELD BLANK

BLANK

LAB BLANK

NORMAL

SAMPLE MEfl4OOS (WSMCODE)

G. GRAB
8- BAILER
PP. PERISTALIC PUMP

St.- SUCTiON UFT PUMP

— D—13

Sp_
AL-
BP-

SUBMERSIBLE PUMP

AIR-UFT SAMPLER

BLADDER PUMP



GROUND WATER QUAUTY SAMPUNG RECORD

INSTAU.AT1ON ID £ LOG DATE

LOCATION ID / — LOT CONTROL. NO.

'V

PAGE 1

INITIAL GROUNDWATER DEPTH (F?)
SAMPUNG PERIOD: START_________________ COMPLETE —
SAMPUNG METHOD. LOGGER CODE_______________
LAB CODE ___________ DATE SENT_________________
PRESERVATION METhOD : - 47w-�: '4- 1'-ø-
COMMENTS -" '' ' ' °''° ,z4-r

FLNAL PARAMETER MEASUREMENTS:
DETECflOP

POTENTiAL OF HYDROGEN p14 su.
SPECIFIC CONDUCTANCE Sc gmhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALKAUNITY (CaCO3 1 ALK mg/I

,ZWev. 'k' 0.0 mS/Lj..
cA2 'VL -/ 7&71- 4/ 353 Y1C)/

TIME
TOTAL VOLUME

WITHDRAWN pH
sc

IMmhoslcm) IM COMMENTS

(GALS Rot. Vo$um.sJ'3 0.0 0.0 — — - START PUMPING

é-o 7-ç7 L-t '7 9
(1/ / /9 .7cp '1

1i4'h' Z. 2 7i-ç- i/,: '7

t(7 c' / F44$ 'p
12,',qq_,__7,eo &

SAMPLE TYPE SAMPLE ID

LOG TIME

SAMPLE DEPTh (Fr.) / �T 372

SAMPLES TYPES (WSAOE)
0 - DUPUCATE FE. FIELD BLANK
A. REpUCAE TB- TRIP BLANK
S. SPIKE LB. tJBJJiE
K. KNOWN N. NORMAL

SAMPLE METHE3DS (WSMCODE)

G- GRAB
$. SAIL
PP - PERISTALIC PUMP

SL. SUCTION LiFT PUMP

D- 14

SP - SUBMiBLE PUMP
AL- MR4JFT SAMPLER
BP. BLADDER PUMP



GROUND WATER QUALiTY SAMPLING RECORD

PAGE 1

SAMPLES VfPEE (WSACODE)

D. D$JPUCATE FE.
R - RUCATE TB.
S. SPIKE La-
K. KNOWN N.

naD
TRIP BLANK

LAS BLANK

NORMA).

SP - SUBM)BLE PUMP
AL - AIR-UFT SAMPLER
BP - BLADDER PUMP

INSTALLATION ID LOG DATE

LOCATION ID

SAMPLE TYPE SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH (FT.) // 7Z-'

-
INITIAL GROUNDWATER DEPTH (FT) /t
SAMPUNG PERIOD: START //Y/ COMPLETE //
SAMPUNG METHOD LOGGER CODE______________
LA B CODE DATE SENT 2'V2 7 -

PRESERVATION METHOD ' '' — '"
COMMENTS /-i4' ,
RPL PARAMETER MEASUREMENTS:

DETECTION

POTENTIAL OF HYDROGEN pH S.U. 4 /3
SPECIFIC CONDUCTANCE SC umho.Icm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C
ALICAUNITY (CaCO3) ALK mg/I'9z/ -

s2 '/j_ _s 4-c, g'o '!'/z.
TIME

TOTAL VOLUME
WITHDRAWN pH

SC
(Mmho$lcm)

I COMMENTS

(GALS) Dots Vohmss

/23?7 0.0 0.0 - - - START PUMPING

/,,Q i 57
,'c'/ /3' 9g 32& 6' "
/tL •3 Z• / 3'7o& , #a
'&3t - e 3 "

SAMPLE METHODS: SMCOD
G- GRAB

B- BAII.ER

PP - PERISTAUC PUMP

SL - SUCTION LIFT PUMP

D- 15



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

INSTALLATION ID ("— LOG DATE
LOCATIONID

__________ LOG TIME
LOT CONTROLNO.

SAMPLE DEPTH (FT.) 92 Z—

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START
SAMPLING METHOD
LAB CODE __________
PRESERVATION METhOD "' -
COMMENTS __________________

FIPUL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFiC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKAUNITY (CaCO3)

P/$4' ,4/f( (2
;7;;7- /-7-6t4 ,q--

SAMPLES TYPES (WSADE)
0. DUPUCATE FB.
R. REPUCATE TB.
S. SP(KE LB.
K. KNOWN N.

DETECTIOl
UMIT

/

SAMPLE METHODS (WSL400DE)

0- GRAB
B- BAILER
PP. PERISTAUC PUMP
SL - SUCTION LIFT PUMP

D— 16

SAMPLE TYPE Al SAMPLE ID

92 / 7O4&

COMPLETE /cc?
LOGGER CODE
DATE SENT__________

•'5; - /I 'f-,

pH S.U.

SC
Eh
TEMP

I e4j-'. /'7

umIlos/cm
mvolts

ALK mg/I

TIME
TOTAL VOLJJME

WITHDRAWN pH
SC

(MmhesIcm) '1M COMMENTS

(GALS) Rot. Volum../i 0.0 0.0 — — - START PUMPING

/ 2 2 4). -g
/'S c'J 7Zz io J
/'/(O jo £?2 9O e3' "
A'/'Z 32 '2L / /1 7'6'O

TRIP BLANK

LAB BLANK

NORMAL

SP.
AL-
BP-

SUBME1BLE PUMP
AIR.UFT SAMPLER

BLADDER PUMP



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

JNSTAU.ATION ID _______ LOG DATE
LOCATION ID

SAMPLE ID __________ SAMPLE DEPTH / 32
—

INITIAL GROUNDWATER DEPTH (FT) /t2
SAMPLING PERIOD: START COMPLETE /i5
SAMPUNG METHOD LOGGER CODE "'-"
LAB CODE /S"-' DATE SENT__________________
PRESERVATION METHOD '

— -'-'-
COMMENTS

DETECTION
FINAL PARAMETER MEASUREMENTS: UMIT
POTENTIAL OF HYDROGEN pH S.U. i 63'
SPECIFIC CONDUCTANCE SC jimhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALICAUNITY(CCO3 ALK mg/I/-i;4 /*i6.A/ 9J/(
7 ,qjf( 73 #lf7/ 7Z377 #'rI "/

.

TIME
TOTAL VOLUME

WITHDRAWN pH
SC

(jimho.lcm)
EMP
(C) COMMENTS

S

(GALS) Bar, VOIumss

/'4 0.0 0.0 — — - START PUMPING// /. 0 2; -27- /'>i J4 �fét/S/S / S t2c it() 9 /3c2-'41 - M)4 7IFt'6UI1

2. / Z5 z0-
/6/ S 2?- 6/ ,7S7 ''

/LY 32 p92- "

SAMPLES TYPES: (WSACODE) SAMPLE METHODS: (WSMCODE)

0. DUPUCATE FB- F1ELBLANK G- GRAB
R- REPUCATE TB - TRIP BLANK B - BAILER

S. SPIKE LB. LAS BLANK PP - PERISTALIC PUMP

K. KNOWN N- NORMAL St. - SUCTION UFT PUMP

SAMPLE TYPE 'V

LOG TIME

LOT CONTROL NO.

D— 17

SP. SUBMEIBLE PUMP
AL - MR-LIFT SAMPLER
SF'- BLADDER PUMP



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

SAMPLES fPE$ (WSACOOE)
0- DUPUCATE FE.
R - REPUCATE TB.
S. SPtKE LB.
K. KNOWN P4-

SAMPLE METNODS (WSMCOOE)

G. GRABB. ji5
PP - PERISTAUC PUMP

SL- SUCTION UFT PUMP

D— 18

SP - SUBMISLE PUMP
AL- AIR.urr SAMPLER
BP- BLADDER PUMP

SAMPLE TYPE

INSTAU..AT1ON ID LOG DATE '7'/ LOG TIME

LOCATION ID 6? '?- LOT CONTROL NO.

_______ SAMPLE ID

77'c-

SAMPLE DEPTH (FT.) /t9• ,7?_

t3g =3INiTIAL GROUNDWATER DEPTH (FT) 57'
SAMPLING PERIOD: STARR e'3 COMPLETE -

SAMPUNG METHOD_______________ LOGGER CODE ''
LAB CODE /" DATE SENT /79
PRESERVATION METhOD ' /J4/ - ,- '.
COMMENTS

FINAL PARAMETER MEASUREMENTS:
DETECTION

POTENTIAL OF HYDROGEN pH s.u. 4
SPECIFiC CONDUCTANCE SC umhos/cm /
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKAUNITY (CaCO3) ALK mg/I'
1?r/ I'-t-'bI 4-tk - vzc yq/ T7 e' , ,' ,
TiME

TOTAL VOLUME
WITHDRAWN pH

sc
(&&mho$/cm) COMMENTS

(GALS) $ot Velum..
0.0 0.0 — — — START PUMPiNG/// /)t 4e; ,)I 2dtt' ,-1/TLi1 ///L

c/'%' / c ec //

/e 3L''wv 7Zid&e2 3? / 3Z— 65
'bif3 4i 69-i to 6'S "
'F5 'I

I

I

AD NK
TRIP BLANK

LAB BLANK

NORMAL



GROUND WATER QUALITY SAMPUNG RECORD

PAGE 1

SAUPt.ES TYP€S (WSADE
0. OUPUCATE FB.
A. AEPUCATE TB -
S. SPIKE LB.
K. KNOWN N.

SAMPLE MEIHODS (WSMCOOE)

G- GRAS
B- BALER
Pp. PERISTAUC PUMP
SI.,- SUCTION LIFT PUMP

D- 19

$p. SUBMERSIBLE PUMP
AL. AIR-UFT SAMPLER
BP- BLADDER PUMP

INSTAU.AT1ON ID LOG DATE

LOCATiON ID________________
SAMPLE TYPE "i" SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTH(FT.) /9. �- 7?
7D 2/"' ?Z

GROUNDWATER DEPTH (Fl) "'' 7—
SAMPLING PERIOD: START_________________ COMPLETE /'"0
SAMPUNG METhOD LOGGER CODE________________

CODE DATE SENT -2v'-9'

PRESERVATIO?ETH°
'°-: - /7 'Vc-'

COMMENTS '' '3i_ 2) 'e- ,i've
,'97 7-

PARAMETER MEASUREMENTS:
DETECTION

UMIT
POTENTIAL OF HYDROGEN pH S.u. ''
SPECIFIC CONDUCTANCE SC MmhO$/cm /

POTENTIAL Eh mvolts
TEMPERATURE TEMP C a,'
ALKALINITY (CsCO3) ALK mg/IA7/4'. 4'. fA3 ,4L/.(4t,7Z77',L I/ 4i.i - 329 ' 52

TOTAL VOLUME
WITHDRAWN pH

SC
(Mmho$Icm)

TEMP
('C) COMMENTS.

(GALS) Baie Volumss

0.0 0.0 — - - START PUMPING

2c" '. $'óc bc;e
2- ci 6. • ) " vt€' ' Ceo

/J'I_3 3. 9 "
. "

. ' . fr && 6e ' ,* d') iQ•

PBLD BLANK
TP BLANK
LAB BLANK

NORMAL



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

SAMPLES TVPES (WSACODE)
0 - DUPUCATE FB -
R - REPLJCArE TB -

5- SPIKE LB.
K- KNOWN N-

SAMPLE METHODS: (WSMCODE)

G- GRAS
B- BALER
PP - PERISTAUC PUMP

SL - SUCTION UFT PUMP

D- 20

DETECTIOr*J
UMIT

/

$. SUBMiBLE PUMP
AL - MR-UFT SAMPLER

BP - BLADDER PUMP

INSTAU.ATION ID LOG DATE

LOCATION ID -'- /
LOG TIME

LOT CONTROL NO.

i92 (

SAMPLE TYPE SAMPLE ID SAMPLE DEPTH (FT.)
I

INITIAL GROUNDWATER DEPTH (Fl)'.
SAMPUNG PERIOD: STAR1
SAMPUNG MET)OD

7 ' L i3r-i22
COMPLETE

LOGGER CODE
DATE SENT__________________- .V OZ—

.

I

LAB CODE
PRESERVATION METhOD

F1PUIL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN
SPECIFIC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALKALINITY (CaCO3)a

Yed.-1 ,t/(

T19pH S.U.
SC umbos/cm
Eh mvolts
TEMP •C
ALK mg/I

/-(%!4 '9-1-i<' 7t L)

TIME
TOTAL VOLUME
WITHDRAWN pH

SC
(mhoslcm) IMc COMMENTS

(GALS) Ber. Volumss

0.0 0.0 - - - START PUMPING

(JZ ;b': iT 3i,,'TZv
9q Z) ,Z9

. c S. ;9 . /'6 ° "
62W . o . 7- "

RELD BLANK

TRIP BLANK

LAB BLANK

NORMAL



GROUND WATER OUAUTY SAMPLING RECORD

PAGE 1

SAMPLES TYPES: (WSACODE

0- DUPUCATE FB.
A.. REPUCATE TB-
S. SPIKE 1.3-
K. KNOwi N.

SAMPLE METHODS: (WSMCODE)

G- GRAB
B- BALER
PP - PERISTAUC PUMP
SL - SUCTION LIFT PUMP

D-2 1

$. SUBM1BLE PUMP
AL,- AIR-UFT SAMPLER
- BLADDER PUMP

INSTAU.ATION ID

LOCATiON ID

SAMPLE TYPE —

________ LOG DATE
._j,7Ir_•_/7 z:-
ill SAMPLE ID

LOG TIME

LOT CONTROL NO.

SAMPLE DEPTh (Fr.) g,g

INITIAL GROUNDWATER DEPTH (FT) '-" ''
SAMPLING PERIOD: STAT COMPLETE
SAMPUNG METHOD /5 LOGGER CODE
LAB CODE '" DATE SENT__________________
PRESERVATION METhOD > 44-i-- 122 L
COMMENTS

FINAL PARAMETER MEASUREMENTS: DETECTION

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC Mmhos/cm /
REDOX POTENTIAL Eh mvolts —
TEMPERATURE TEMP C 0.1
ALKAUNITY'(CaCO3) ILK mg/I21—. me. a- 4( £q 5/ 7-i- ,'<1 4z- L32 "/z_

TIME
TOTAL VOLUME

WITHDRAWN pH
sc

(mho$lcm) COMMENTS
I GALS) Bar. Voh.m.sJ

0.0 0.0 — - - START PUMPING

'/3 /- el t'--2 ?6L. cc
j7t$ s 6- 7 � ./" "ti' 6.3c7 66i- /7 &44TAf#r.
/eY/9
/(2ç7 . • s_ 1/

PELD BLANK
TRIP BLANK

L&B BLANK

NORMAL



GROUND WATER OUAUTY SAMPUNG RECORD

PAGE 1

INITIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START COMPLETE 'A1
SAMPUNG METHOD LOGGER CODE_______________
LAB CODE ____________ DATE SENT ___________________
PRESERVATION METhOD- '' : 4- 2 1 7r
COMMENTS / /i / p j/yn /

DETECTION
PARAMETER MEASUREMENTS: UMIT

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE Sc MmhOs/cm

POTENTIAL Eh mvolts
TEMPERATURE TEMP •C
ALKALINITY (CaCO3) ALK mg/I

?,/&4' ,4Jr)7 3/ zni/ i-(. i 385
TOTAL VOLUME

WITHDRAWN pH
sc

(mhoslcm)
TEMP,
(•C) COMMENTS

(GALS) Bers Vobjm.s

0.0 0.0 START PUMPING

,i'? /.c2 bf?7 /3' A'i.—-"Ij,z
b 92

bc4/ ? -.
-/ ' ,e/n-� '7 '/9

/__ 0 61i L P Ôei/r/ 7b/ q 4

I Oc 2J

—1

-I

SAMPLBS TYPES:(SAOE) SAMP1.5 METhODS: (WSMCOOE)

0. DUPliCATE FE. FBLD BLANK G- GRAE
R - REPUCATE TB - TRIP BLANK B. BAILER

S. SPIKE LB. LAB BLANK PP. PERISTAUC PUMP

K- KNOWN N- NORMAL SL - SUCTION LIFT PUMP

INSTALLATION ID d LOG DATE

LOCATION ID

SAMPLE TYPE 'V SAMPLE ID

LOT CONTROL NO.

LOG TIME ______

SAMPLE DEPTh (FT.) /j2 / ,T-'

SP- SUBMEIBLE PUMP
AL - NR-UFT SAMPLER

BP. BLADDER PUMP

D- 22



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

SAMPLES TYPES: (WSACODD

0- DUPLICATE FB-
R - REPUCATE TB-
S. SPIKE LB.
K- KNOWN N.

SAMPLE METHODS: (WSMCODE)

G- GRAS
B- BALER
PP. PERISTAUC PUMP

SL - SUCTION LiFT PUMP

D- 23

SP- SUBMEPkF PUMP
AL- MM.UFT SAMPLER

EP- BLADDER PUMP

INSTALLATiON ID 5'' LOG DATE
LOCATIONID _________________
SAMPLE TYPE -" '' SAMPLE ID

LOG TIME _____
LOT CONTROL NO.

SAMPLE DEPTH (FT.)

GROUNDWATER DEPTH (PT) ' "•
SAMPLING PERIOD: START_________________ COMPLETE
SAMPLING METHOD /3 LOGGER COOE 1/'

CODE DATE SENT_________________
PRESERVATION METHa' ' - ''- ''
COMMENTS �/4J - / 'u--' 2 L'f 1-' / — /) 77/v ié-

PARAMETER MEASUREMENTS:
DETECTIO?

POTENTIAL OF HYDROGEN pH S.U.
SPECIFIC CONDUCTANCE SC MmhO$1Cm /

POTENTIAL Eh mvolti
TEMPERATURE TEMP C
ALKALINITY (C*C03) ALIC mg/I,-•• -, , -/I7•/ '" 72lz- -'i 43OQ

TOTAL VOLUME
WITHDRAWN pH

SC
(Mmhos$Cm)

rEMP COMMENTS

(GALS) :5.,. Voftimse
0.0 0.0 — — — START PUMPING

/ //?4/'/ -*y 4/—c4
/, 7 qqq 7. /:

, (/1 /,•/4/ ,/2/;9 7/' ''
é--- /' //

—

,—_L7 1/' r ,
—

— ---' L' 4Y
;7pç • -4 -tZL /

7

4'.'z/.'''7
—

.

.- I-h'/ ---

//.77;/ f
p / 1V'

/ ?" '/
2-y/,

BLANK

LAB BLANK

NORMAL



GROUND WATER QUALITY SAMPUNG RECORD

PAGE 1

SAMPLES TYPU (WSAOE
0- 0UPUTE FB-
R- REPUCATE TB-
S. SPIKE LB.
K- KNOWN N.

RBLD

TP BLA
LB BLANK
NGRMAL

DE1ECTICurr
c90/

/

t2.i

$P- SUBM)BLE PUMP
AL - MR-UFt SAMPLER

OP. BLADDER PUMP

INSTAUJTION ID (-"'- LOG DATE
LOCATION io LOT CONTROL NO.

LOG liME /.41t/)

SAMPLE 1'fPE ''4(3 A1i7 SAMPLE ID"A-
SAMPLE DEPTH (FT) ,4i2 67Z—

I

INiTIAL GROUNDWATER DEPTH (FT)
SAMPLING PERIOD: START
SAUPUNG METHOD

7/ /2.92 '- QJJtY /'//- 2/- tr*V e"-V'7
COMPLETE

I

LOGGER CODE
LAB CODE
PRESERVATION METHOD - i DATE SENT S-:.1? .,,,

éC4 4/ ,5i2 ,P,z/; ,444 i,
COMMENTS

FiNAL PARAMETER MEASUREMENTS:

POTENTIAL OP HYDROGEN
SPECIFiC CONDUCTANCE
REDOX POTENTIAL
TEMPERATURE
ALICAUNITY(CaCO3)-

c4c1 \U 3i?I cçcQj 2.cF

pH S.U.
SC
Eh
TEMP

MmflosICm
mvolts
'C

ALK mg/I

.

TIME
TOTAL VOLUME
WITHDRAWN pH

sc
(mho$/cmI
—

Ih COMMENTS

(GALS) Bor• Volum.sJ

,i/Zt 0.0 0.0 — - - START PUMPING

/r./,7 '• 6.& — // 7/ ,- h— i.:' -t.4/r
/*)i 7 .c — /tL 7/ b24c' 4i/i

'I/I/ 7ç h '/ ;,/t 6' //(/7 I'

SAMPLE METh 0 MSMCOD
G- GRAB

B- MJL
PP. PERtSTAUC PUMP
SL-- SUCTION LiFT PUPAP

D—24



GROUND WATER QUALITY SAMPUNG RECORD

INSTALLATION -' LOG DATE Y LOG TIME

LOCATION ID LOT CONTROL NO. ___

SAMPLE TYPE " ' SAMPLE ID

PAGE 1

SAMPLES TYPES (WEACODE)

0. DUPLICATE FE.
A. REPLiCATE TB-
S. SPIKE U-
K. KNOWN N-

TRP
LAB BLM
NORMAL

SAMPLE METHODS (WSMCODE)

G- GRA*
B- SAILER
PP - PERITA&JC PUMP

SI. - SUCTION LIFT PUMP

D- 25

- SUBMERIE PUMP
AL- MR-LIFT SAMPLER

- BLADDER PUMP

/ ZI�
SAMPLE DEPTH (FT.) 94' L

2V. iZ.I 3' aa 46)
INITIAL GROUNDWATER DEPTH (FT) ''
SAMPUNG PERIOD: START COMPLETE '"
SAUPUNG MET1jOD Z" LOGGER COOE
LAB CODE DATE SENT_________________
PRESERVATION METH " '' - —

COMMENTS

FINAL PARAMETER MEASUREMENTS:

POTENTIAL OF HYDROGEN pH S.U.
SPECIFiC CONDUCTANCE SC MmhOS/Cm /
REDOX POTENTIAL Eh mvoits —
TEMPERATURE TEMP C
ALKALINITY (CaCO3) ALK mg/I

cl.O2 7ZdkI ?7'1 '/L- '/9 "'
.

TiME
TOTAL VOLUME

- WITHDRAWN pH
SC

(jmhosIcm) COMMENTS
(GALS) Bar, Volumas

0.0 0.0 — - - START PUMPING

/'') / 9 s,?7 (io T3,c-,1221 'i5'
j'cc 9 ,,35'/ "
/z5 9 Lt # /

/(,cc_ .:/ é t3e h47', 'i



GROUND WATER QUALITY SAMPLING RECORD

PAGE 1

INSTALLATION ID ________ LOG DATE

LOCATION ID

SAMPLE VV'PE_________ SAMPLE ID

SAMPLES fPES (WSACODE)
0. DUPUCATE FB.
R. REPUCATE TB•
S. SPIKE LB.
K. KNOWN N.

SAMPLE METhODS (WSMCODE)

G- GRAS

B- BAILER
PP - PERISTAUC PUMP

SL- SUCTION LIFT PUMP

SP- SUBMERSIBLE PUMP
AL. AIR-UFT SAMPLER

BP - BLADDER PUMP

_________ LOG TIME
LOT CONTROL NO. ____

SAMPLE DEPTH (FT.) It'.

T 'o2 L3TC (Sovi
INITIAL GROUPWATER DEPTH (FT) IL 2(z BI cq 3 erreø cS:
SAMPLING PERIOD: START________________ COMPLETE
SAMPLING METHOD LOGGER CODE
LAB CODE DATE SENT
PRESERVATION METhOD__________________________________________
COMMENTS (LQ'4t (rrlrv tP,i&iT' / 3' i4& (3 (

FINAL PARAMETER MEASUREMENTS: DETECTION,

POTENTIAL OF HYDROGEN pH S.U. 7
SPECIFIC CONDUCTANCE SC Mmhos/cm
REDOX POTENTIAL Eh mvolts
TEMPERATURE TEMP C

ALKALINITY (CaCO3) ALK mg/I

TIME
TOTAL VOLUME

WITHDRAWN pH

—

sc
(j&mhoslcm)

— -
COMMENTS

START PUMPING
(GALS)

0.0
Bars Velumss

0.0

i3Z O73 p739 C7c CLLOy -()L1- / 1//eti'(.L. SILT/! 2Z 7.7 u7,c F CLLIA(LAU 2?(L TI?
).:L) D-/ 729 '773ô d'5F CL4'- 77J PoLL The&'

FiELD BLANK

TRIP BLANK

LAS BLANK

NORMAL

D-2 6
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Survey Data
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HYOROGEOLOGIC IN'ESTIGJ4 TION
C4RSWELL AIR FORCE BASE

FORT WORTH, TEXAS

Texas State Plane Coora.Lnate anC E.Levation
of

Test Wells,
Soil Gas Probes ana

Sampling Points

April 8, 1988

BRITTAIN & ORAV,FORDIk LAND SURVEyING &
1K TOPOGRAPHIC MAPPING

(It?)9280211 M.tro 429-5t 12
E—3 P0. 80* 11374 • 3901 SouthFr.w.y

Fort Worth. Thai 76110



EXISTING WELL SITES

N1J1R NGRTH EA3T ELEVATION OF ELEVATION OF NATUP
TOP OF P.V.C. GROUND AT 4ELL

855 4(45) 402,068.84192 2,024,357.78905 566.38 566.9
853 8(34) 402,390.17981 2,024,331.93158 569.73 567.1
8SS CUE) 402,254.07567 2,024,565.70484 559.57 560.0
855 0(38) 402,418.08908 2,024,487.37097 561.45

P1 (111) 397,712.30601 2,019,695.14307 •628.58 625.5
P2 (96) 397542.85438 2,020,627.90845 •618.78 615.5

IA (131) 401,089.90010 2,025,128.18992 570.27 566.5
18 (132) 401,268.84868 2,025,291 .18966 560.25 560.49 (ASP)
IC (134) 401,032.46237 2,025,482.01 757 560.00 560.31 (ASP)
ID (137) 400,852.84768 2,025,642.78693 563.93 560.5
IE (135) 401,173.20809 2,025,407.53205 562.25 559.4
IF (1.36) 401 ,CC2 .55061 2,025,607.46316 562.26 559.5

34 (121) 398,360.53325 2,017,786.72.397 633.47
38 (118) 398,345.88397 2,018,291 .941 76 633.84
JC (117) 397,831.27206 2,018,292.28878 635.39
30 (120) 398,698.98292 2,017,477.40425 625.25 621.6
3E (119) 398,358.43081 2,019,005.28691 622.87

44 (129) 396,920.99434 2,020,042.19064 625.76 624.6
48 (1.30) 396,940.34 767 2,020,463.63663 619.90 618.4
4C (98) 397,217.02642 2,020,785 .31555 613.04 610.9
40 (97) 397,446.17694 2,020,610.981 75 615.35 613.1
4E (95) 397,651.12948 2,020,607.56231 618.54 617.5
4F (93) 397,680.42416 2,020,255.75892 625.36 622.8
40 (100) 397,836.73039 2,020,857.61303 620.02 619.1
4H (99) 397,541 .43725 2,020,916.84913 623.43 610.5

54 (109) 398,061.75689 2,019, 781. 72497 623.18 619.4
58 (90) 398,520.35 788 2,020,283.72459 600.45 597.4
5C (104) 398,339.27594 2,020,196.97152 608.68 606.8
50 (103) 398,362.32313 2,019,960.19729 611.71 608.5
5E (110) 397,802.46440 2,019,748.19597 626.8.9 623.9
5F (94) 397,904.64236 2,020,535 .56245 618.95 619.4
50 (88) 398,174 .57747 2,020,894.69337 615.39 612.0
5H (89) 398,351.69445 2,020,546.91832 610.62 608.4

104 (108) 397,913.30549 2,020,009 .9 7063 626.70 624.2
208 (92) 397,899 .01251 2,020,243.06886 624.46 621.1
IOC (91) 398,197.02603 2,020,267.33493 617.24 615.4
200 (107) 397,857.536.38 2,020,078.59020 623.33
IOE (106) 397,896.37914 2,020,147.65 721 622.52
lOP (105) 397,946.08160 2,020,196.19956 621.47

214 (101) 398,941.02097 2.020,086.99390 608.22 604.8
118 (102) 398,653.41765 2,020,136.885 70 608.14 6O3.

224 (124) 397,175.89292 2,019,636.22169 635.66 632.0
128 (113) 397,333.41742 2.019,895.65480 627.55 625.6
I2C (115) 397,213.82758 2,019,968.84527 628.05 625.5
220 (112) 397,511.40056 2,019.943.01512 627.45 624.8
12E (114) 397,324.25035 2,020,019.35440 627.48 624.5
120 (127) 397,111.16499 2,019,819.73011 629.22
12H (126) 397,175.34773 2,019,813.89486 629.06
121 (125) 397,231.20475 2,019,814.9 7473 269.15
223 (128) 397,175.26975 2,019,858.53625 628.66
12K (116) 397.222.63773 2,019,904.66442 626.74

E—4



Page 2
N(J'4BER PERTH LAST ELEVATION OF Top ELEVATION OF 4TURAi.

P.V.C. PIPE GROUND 4T EL(.

154 (149) 400,123.22038 2,025,232.61342 570.24 570.7

158 (148) 399,906.57343 2,025,252.78 758 567.12 564.2

15C (144) 399,884.41824 2,025,168.58849 566.89 564.3

171 (75) 400,225.13342 2,023,849.67063 578.19 575.2

17J (56) 400,362.97881 2,023,809.58530 579.79 577.0

17K (72) 400,193.172.35 2,024,001.90,555 575.34 573.8

17L (61) 400,394.21647 2,023,966.04349 577.27 574.4
17M (65) 400,380.91204 2,024,264.07312 574.28 572.6

*TE: WELLS P1 & P2 - THE ELEVATIONS SHOWN ARE THE TOP OF
THE OPERATOR NUT.
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HYDROGEOLOGIC INVESTIGATION
CARSWELL AIR FORCE BASE

FORT WORTH, TEXAS

Texas State Plane Coordinate and Elevation
of

Test Wells,
Soil Gas Probes and

Sampling Points

July 10, 1990

A BRI1AIN & ORAWYORD
LAND SURVEYING &

L? TOPOGRAPHIC MAPPING
825-0211 - U.tro 429-5112

6 P.O. Bo 11374 3905 South Is.wayodWoith. lUzal 78110



SITE ST14

SITE SD13

EAST 'X" ELEVATION
TOP OF PVC

ELEVATiON
NATURAL

GROUND AT
WELL/BORE

SURFACE WATER SAMPLES

NUMBER

SD13—S1
SD13—S2
SD13—S3
SD13—S4

399,722.7878
399,729.5605
399,747.0566
399,757.2157

2,025,153.1150
2,025,176.1395
2,025,235.6200
2,025,270.1565

WATER
ELEVATION

551.64
551.14
549.72
548.95

NUMBER

ST14—01
ST14—02
ST14—03
ST14—04

NUMBER

S Dl 3—01

SD13—02
SD13—03
SD13—04

TYPE

WELL
WELL
WELL
WELL

TYPE

WELL
WELL
WELL
WELL

NORTH "Y"

399 ,886 . 0854
400,102.4353
400,672.3650
400,231.5326

NORTH "Y"

399,964.3693
400,058.5313
399,934.0917
399,931.9664

2,024,309.3181
2,024,311.8094
2,024,116.0939
2,024,566.4807

EAST XN

2,024,842.2218
2,024,974.4094
2,024,919.8140
2,024,992.0174

575.89 -
575.64 -

576. 72
575.74 -

ELEVATION
TOP OF PVC

573.24
573.39
571.54
569.24

573.2
572.7
574.83 ASP
572.9

ELEVATION
NATURAL

GROUND AT
WELL/BORE

570.3
570.64 ASP
568.6
566.81 ASP

NORTH fly" EAST "X"
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APPENDIX F

Defense Priority Model Worksheets
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Site identification: Site SD13 — Unnamed Stream and Abandoned Gasoline Station

SURFACE WAT PAThWAYS

Observed releases

Have contsminants been detected in surface water?
If yes, assign score of 100 and proceed to item 10.
If no, assign ecore of 0 and proceed to it 2.

Pathway characteristics

2. Distance to nearest surface water 0 1 2 3

3. Net precipitation 0 1 2 3

4. Surface erosion potential 0 1 2 3

5. Rainfall intensity 0 1 2 3

5. Surface permeability 0 1 2 3

7. Sum of items 2 througb 5

8. Normalized score (multiply item 7 x 100/48)

9. Flooding potential 0 1 2 3

10. Adjusted pathways score
If item 1 is 100, enter 100. If item 1 is 0, enter
sum of items 8 and 9. If sum exceeds 100, enter 100.

11. Waste containment effectiveness factor (Table 2)

12. Final score for surface water pathwaya (multiply it 10 x itsa 11)

CONTS ON SURFACE WAT PATHWAYS

4 _______ 12

1 3

4 _______ 12

4 _______ 12

9

Known discharges from oil/water separator. No containment/treatment.

F—3

Score Multiplier Product Mar.
(circle (score x

one) muit.)

0 100 1 100 100

________ 24

1 Ufl

1.0
100



Site identification: SDI3 — Unnamed Stream and Abandoned Gasoline Station

RO!JNDWAT. PATHWAYS

Score Multiplier Product Max.

(circle (sCOre X score

bserved releases one) mult.)

:3. Save contem.j.nents been detected in groundwater? 0 100 100 ioo
If yes, assign score of 100 and proceed to item 20.
If no, assign score of 0 and proceed to item 14.

Pathway characteristics

14. Depth to seasonal high groundwater fron base of
waste or conteminated zone 0 1 2 3 9 27

15. Permeability of the unsaturated zone 0 1 2 3 5

16. InfiLtration potential 0 1 2 3 5 _______ 15

7. Sum of items 14 th.rough 15 57

.3. Normalized score (multiply item 17 x 100/57)

lO. Potential for discrete features in the unsaturated
zone to short—circuit the pathway to the water
table 0123 5

20. Adjusted pathways score. If item 13 is 100, enter 100.

If item 13 is 0. enter sum of itema 18 and 19.
If sum exceeds 100, enter 100.

21. waste contajpment effectiveness factor (Table 5) 1 fl

22. Final score for groundwater pathways (multiply item 20 x item 21) 1 fill

CDMNTS ON OtJNDWAT PATHWAYS

Known contamination in ground water. No containment/treatment.
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Site identifjcat.ion: SD13 — Unnamed Stream and Abandoned Gasoline Station

:ONTAMINANT HAZARD -- SURFACE WAT

:f contaminants have been detected in surface water (score of 100 in item 1), ccsiplete items 23 through 28. If
contaminants have not been detected (score of 0 in item 1), cmsplete itns 29 through 32. Attach Hazard Worksheet or list
of contaminants, as appropriate.

Score Result Loaarithm

(circle (base 10)

one)

23. Sum of human health hazard quotients (frms coli.san 10 of Hazard 7 . 4x106 6 .9
Worksheet) ________ ________

2 Human health hazard score 0 1 2 4
25, Normalized human health hazard score (multiply item 24 x 100/6) _______

26. Sum of ecological hazard quotients (enter the larger of the sums of
coi.umu 11 or 12 of Hazard Worksheet) 67 .8 1 .8

27. Ecological hazard scar. 0 1 2 356
25. Normalized ecological hazard score (multiply item 27 x 100/6) 66.7

29. Maximum human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant:

30. Normalized human health hazard score (multiply item 29 x 100/9) _______

31. Maximum ecological hazard index 0 1 2 4 6 Contaminant: ________________

32. Normalized ecological hazard score (multiply item 31 x 100/6)

2CNTAMINANT HAZARD -- GROUNDWAT

contaminants have been detected in groumdwat.r (Score of 100 in item 13), complete items 33 through 38. If contaminants
flave not been detected (score of 0 in item 13), cmspl.te items 39 through 42. Attach Hazard Worksheet or list of
contaminants, as appropriate.

33, Sum of human health hazard quotients (fr coLtx 10 of Hazard 4 77 7 7Worksheet) _______ _______

34. iurnan health hazard score 0 1 2 4 0
35. Normalized human health hazard score (multiply item 34 x 100/6)

100

36. Sum of ecological hazard quotients (enter the larger of the sums of
11 4 2 1coluon 11 or 12 of Hazard Worksheet) _______ _______

37. Ecological hazard score 0 1 2 3

83336. Normalized ecological hazard score (multiply item 37 x 100/6) _______

39. Maximum human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant: _________________

40, Normalized human health hazard score (multiply item 39 x 100/9)

41. Maximum ecological hazard index 0 1 2 4 6 Contaminant:

.2. Normalized ecological hazard score (multiply item 41 x 100/6)
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Site identification: Site SDI3 — Unnamed Stream and Abandoned Gasoline Station

HUMAN HEALTS RECEPTORS -- SURFACE WAT( PAThWAY

CNTS ON SURFACE WAT RECEPTORS

F— 6

3
9

3 9

1 3

1 3

1 3

27

9

9

3

3

3

27

Mu1tiLier Product Max.
(score x score
mult.)

43. Population that obtains drinking wat.r from potentially affected
surface water body(i.a) within 3 miles (4.8 kin) downatre

44. Water use of nearest surfac. water body(ies)

45. Population within 1000 ft (305 in) of the sit.

46. Distance to the nearest instaii.ation boundary

47. Land use and/or zoning within 1 mile (1.5 kin) of the site

48. Sum of items 43 through 47

49. Final score for human health receptors on surface water pathways

(multiply it 48 x 100/27)

Score
(circle
one)

0 1 2

o i 2&
0 1

o i 2
O 1 zQ

100

ECOLOGICAL RECEPTORS -- SURFACE WAT PATEWAYS

50. Importance/sensitivity of blots/habitats in potentially affected 0 13 5 10 15

surface water bodies nearest the site

51. Presence of 'critical enviroxienta' within 1 mile (1.6 kin) of the 3 1
0

3
site

52. Sum of items 50 and 51 10 18

53. Final score for ecological receptors on surface water pathways 55.6
(multiply itn 52 x 100/18)



Site identification: Site SDI3 — Unnamed Stream and Abandoned Gasoline Station

ECOLOGICAL RECEPTORS -- G NTh'JAT PATHWAYS

62. Estiinated mean groundwater travel time fr current waste location to
any downgradient habitat or natural area

63. Importsnc./ sensitivity of downgradi.nt biota/habitata that are
confirmed or suspected groundwater discharge points

64. Presence of "critical environments" within 1 mile (1.6 kin) of the

Score
(circle
one)

jltipLier Product
(score x
ns.lt.)

CONTS ON GROUNDWAT RECEPTORS (attach additional pages if needed)

54. Ground—water flow towards Farmers Branch nearest well is on opposite side,
thus no flow towards well.

F— 7

)iUMAN HEALTH RECEPTORS -- GROUNDWAT PATHWAY
Max.
score

54. Est,.niated mean groundwater travel time frinn current waste location to () 1 2 3 9 0 27
nearest downgradient water supply well(s)

55. Estimated mean groundwater travel time fr current waste location to 0 1 s 15 15
any downgradient surface water body that supplies water for dmTlestic
use or for food chain agriculture

56. Groundwater use of the uppermost aquifer 0 13 8 12

57. Population potentially at risk fr groundwater contamination 0 5 9 12 1 27 36

24
18

36

58. Population within 1000 ft (305 in) of the site 0 1 2 1 3 3

59. Distance to the nearest installation boundary 0 1 2O 1 3 3

60. of items 54 through 59 56 96

61. Final score for han health receptors on groundwater pathways
(multiply item 60 x 100/96) 58.3

O 1

0 13

site

65. Sso of iteins 62 through 64

56. Final score for ecological receptors on groundwater pathways
(multiply item 65 x 100/21)

3 9

3 6

0
1 ___________

15

71.4

9

9

3

21



Site identification: Site SDI3 — Unnamed Stream and

SCORING SU!!1ARY SIET

Abandoned Gasoline Station

67. Surface water/hs h.alth scores

68. Surface water/ecological scores

69. Grotmdwatar/h.snsn health scores

70. Groundwater/ecological scores

Pathways score

100
item 12

100
item 12

100
item 22

100
item 22

Contaminant
hazard core

100
item 25/30

66.7
item 26/32

100
item 35/40

83.3
item 38/42

Receptors score

LOU ) /10,000 —

item 49

x 55.6 ) 110,000 —

item 53

58.3 ) /10,000 —
item 6].

x 71.4 ) /10,000
item 66

Overall scor

100.0

37.1

58.3

59.5

OVALL SITE SCORE:

71. C s + C 7 1 + s' )2 x 5 + 59 71,911.1
item 67 item 68 item 69 item 70

72. Overall site score 71,911. —

item 71
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Site identification: Site ST14 — POL Tank Farm

SURFACE WAT PATHWAYS

4uLtio1ier Product M.
(circle (score x

Observed rel.ases on.) cnujt..

1. Nave contamlnsnis b.en detected in surfac. water? 0 100 0
If yes, assign scor, of 100 and proceed to item 10.

If no, assign score of 0 end proceed to item 2.

Pathway characteristics

2. Distance to nearest surface water 0 1 3 8 12

3. Net precipitation 1 2 3 1 0

4. Surface erosion potential 02 3 4 4

5. Rainfall intensity 0 12 12 12

6. Surface p.rmeaility 0 6

7. Sum of items 2 through 6 30 48

8. Normauiz.d score (multiply item 7 x 100/48) 62.5
9. Flooding potential 1 2 3 8 0 24

10. Adjusted pathways score
if item 1 is 100, enter 100. If item 1 is 0, enter
sum of items 8 and 9. If sum •xceeds 100, enter 100. 62.5

11. Waste containment effectiveness factor (Table 2) 0.1
12. Final score for surface water pathways (multiply item 10 x item 11 6.3

CO4TS ON SURFACE WATER PATHWAYS

11. Tanks are in excellent condition.

F—9



Site identification: Site ST14 — POL Tank Farm

CUNDWAT PATAYS

Scar. ?lultinlier Product Max.
(circle (score x

Cbserved releases one)

.3. Eave continanta b..n d.tect.d in groundwater? 0 100 1 100 iOO

If yes, •ssign score of 100 and proc..d to it 20.
If no, assign score of 0 md proc..d to its 14.

Pathway charactiristics

14 Depth to seaazai high groundwater fr bass of
wazts or coni.nai.d zone 0 1 2 3 9 _______ 27

:5. Psrm..hility of the unsatuxat.d ran. 0 1 2 3 5 _______ 15

15. Infiltration potential 0 1 2 3 5 _______ 15

7. S of ita 14 througn 16 ______ 57

13. Normalized score (muLtiply it 17 x 100/57)

19. Potential for discret, features in th. unsaturated
zon, to short-circuit" the pathway to the water
tabI. 0123

20. Adjusted pathways score. If it 13 is 100, enter 100.If it 13 ii 0, int.r sum of it. 18 and 19.
If sum exceeds 100, enter 100. 100

21. Waste containment effectjv.n.es factor (Table 5) 1.0
22. Final scor, for groundwater pathways (multiply item 20 x item 21) 100

CCrITS ON OUNDW&TER PATSW&YS

13. Ground water contamination detected.

F— 10



5te identification: Site SDI4 — POL Tank Farm

:C:TAMIHANT HAZARD -- SURFACZ WAT

contaminants have b..n detected in surface water (score of 100 in item 1), complete items 23 through 20. If

contaminants hav, not b.en det.ected (scor. of 0 in item 1), complete items 29 through 32. Attach Hazard Worksheet or List

: contaminants, as appropriate.

Score Result Loaarithm
(circle base 10)
OTe)

J Sum of human health hazard quotients (from coLsm 10 of Hazard
Worksheet)

4. Human health hazard score 0 1 2 4 6

Normaliz.d human h.alth hazard score (multiply item 24 x 100/6)

35. Sum of ecological hazard quotients (enter the larger of the sums of
colum 11 or 12 of Hazard Worksheet)

7 Ecological hazard score 0 1 2 3
455

3. Nornaj.ized •cological hazard score (multiply item 27 x 100/6)

. Maximum human health hazard index 0 1 2 3
5 6 7 8 9 Contaminant: manganese

32. Normalized human health hazard scor. (multiply item 29 x 100/9) ______

31. Maximum ecological hazard index 0 1 ZQS Contaminant: lead

32. Normalized ecological hazard score (multiply item 31 x 100/6) 66.7

:NTAMINANr HAZARD -- GROUNDWAT

: contaminants have been d.t.ct.d in grodwat.r (scor. of 100 in item 13), complete items 33 through 38. If contaminants
-ave nor, been detected (score of 0 in item 13), complete items 39 through 42. Attach Hazard Worksheet or list of
:critami,nants. as appropriate.

3. Sum of hisnan health hazard quotients (from coligm 10 of Hazard
7Worksheet) 1.7x10 7.2

Human health hazard score 0 1 2 4
3. Normalized human health hazard score (multiply item 34 x 10016) 100

35 Sum of ecological hazard quotients (enter the Larger of the sums of
co1uon 11 or 22 of Hazard Worksheet) 86.7 1.9

37 Ecological hazard score 0 1 2 3

56
35. Normalized ecological hazard score (multiply item 37 x 100/6) 66.7

3 axirnum human health hazard index 0 1 2 3 4
5 6 7 8 9 Contaminant: _______________

-3 Normalized human health hazard score (multiply item 39 x 10019)

"1. Maximum ecological hazard index 0 1 2 4 6 Contaminant: ________________

-2. NormaLized ecological hazard score (multiply item 41 x 100/6)

F—il



0te identification: Site SD14 — POL Tank Farm

3 9

3 9

1 3

i 2

1 3

26

9

3

3

3

27

Multiplier Product Max.
(score x
wult.)

YMAN HALTR RcEPTS -- SURFACE WAT PATHWAY

43 Pulatiori that obtains drinking wat.r from potentiaU.y affectid
surface wat.r body(ies) within 3 miles (4..8 m) downetre

44. Water us. of nsar.st. surfec. water body(i.a)

.5. Population within 1000 ft (305 m) of the sit.

5. Distance to th. n.ar.et installation bound&ry

.7 Land us. and/or zoning with.in 1 mu. (1.5 I) of the site

45. Sum of it.ma '.3 threuah 47

.9. Final score for human h.alth r.c.ptors on surface water pathways

(multiply it 48 x 100/27)

Score
(Circle

on.)

0 1

0 1 2

0 1

0 13
0 1

9

96.3

ECOLOGICAL RZCEPTS -- SURFACE WATfl PATHWAYS

50 lmportanc./s.nsitivity of biota/hstats in
surface wat.r bodies nearest th, sit. potentially affected 0 103 10

51.

52.

Presence of "critic.l envtramasnr.z within 1 mil. (1.5
site

Sum of ite 50 and 51

km) of the Q 3 1 0

10

3

18

53. Final score for •co1oical receptors on surface wat.r pstbicsyl
(multiply it 52 x 100/18)

tNTS ON SURFACE WAT REPTORS

F— 12



3te dentjfication: Site SD14 — POL Tank Farm

HUMAN hEALTH RECEPTORS -- GOUNvJAT. PATHWAY

9 _________ 27

10
15

8

27

1 ___
1

2

50

52.1

ECOLOGICAL RECEPTORS -- GRON.4AI PATHWAYS

62. Estimat.d mean gromdw.t.r travel time fr current waste location to _______
any dongradient habitat or natural area

53. Importanc.Iaenaitivity of downgradient biote/habitats that are ______
confirmed or suspected groundwater discharge points

64. Presence of 'critical environments" within 1 mile (1.6 km) of the ______

COt4NTS ON GROUNOWAT RECEPTOP.S (attach additional pages if needed)

55. Ground water flow is 0.2 ft/day. 1,000 ft to surface water 13.9 years.

F— 13

Score Multi].ier Product Max.

(circle (score x score
one)

54 Estimat.d mean groundwater travel tim. fr current waste location to 1 2 3

nearest downgrath.nt water supply well(s)

55. Estimat.d mean groundwater travel time fr current waste location to 0 103
any downgradient surface water body that supplies water for dmnestic
use or for food chain agriculture

56. Groundwater us. of the uppermost aquifer 0 103
57. Population potentially at risk fr groundwater contamination 0 6 9 12

18

24 36

58. Population within 1000 ft (305 m) of the aite 0 1

59. Distance to the nearest installation boundary 0 103
50. S of itema 54 through 59

61. Final score for hen health receptors on groundwater pathways
(multiply item 50 x 100196)

12

36

3

3

96

0 1 2

o 13

site

65. Si of items 62 through 64

56. Fuial score for ecological receptors on groundwater pathways
(multiply item 65 x 100121)

3 9

6
3 ___________

1 0

15

71.4

9

9

3

21



Site Site SD14 — POL Tank Farm

SOP.ING SU!tIARY SET

67. Surfacu w.car/htanan health ecores

66. Surface water/.celocaj scores

69. Grotndwat,r/huai h.alth scores

70 Groundwat.r/.cologcal scores

Pathways score

6.3
tss 12
6.3

12

100
it. 22
100

22

Contam.nant
hazerd score

44.4 x
25/30

66.7 x
28/32

100
it 35/40

66.7 x
it. 38/42

Receptors score

96.3 ) /10,000 —it 49

55.6 ) /10.000 —
53

52.1 ) /10,000 —1t 61

71.4 ) /10.000 —
66

Overall scorf

2.7

2.34

52.1

47.6

VALL SITE SOR:

71. 2.7 )2 X 5 + (2.34 )2 + 52.1 )2 x 5 + ( 47.6)2 15,879.76
i.t 67 it. 66 it 69 it 70

72. Overall site score — 15,.R75.7/ 3.464 — 4r5842it 71
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Site ,.denti.ficaton: Site BSS — Base Service Station

SURFACE TER PAThWAYS
Multivlier Product Max.

(crcl, (score x
Observed releases

Have contsmu1ants b..n detected in surface water? 0 100 1 _______ 100
If yes, assn scor. of 100 and proc..d to item 10.
If no. assn score of 0 and proceed to item 2.

Pathway characterztics

2. tDjstarac. to nearest surfac. water 0 1 2 . 12 12

3. Hat prsc1ptation 1 2 3 1 0

4. Surface eroaton pct.ntaL 02 3 4 4 iz

5. Rainfall intensity 0 1 2& 12 12

6. Surface p.rm.ebii4ty 0 1 3 6

7 Sum of items 2 througk 6 34 48

5. Normai.ized score (altipLy item 7 x 100/48) 70.8

9. Flooding potential 01 2 3 8 0 24

10. Adjusted pathways score
If item 1 s 100, enter 100. If item 1 is 0. enter
sum of items 8 and 9. II sum exceeds 100, enter 100. 70.8

11. Waste containment .ffectivenesa factor (T&ble 2) 0 5

12. Final score for surface water pathways (multiply it 10 x jti 11) 35.4

CONTS ON SURFACE WATY. PAThWAYS

11. Tanks and piping in good condition. No obvious spills. Drainage is
not separated or treated and feeds directly to city sewer.

F— 15



Site jntifjcatj: Site BSS — Base Service Station

3OUN.4AT PATflWAYS

Score ipLier Product Max.
(circle (score X

Cbserved releases On.) 3Lt.)

:3. Bay. contnts been d.t.ct.d irt groundwater? 0 100 1 100 100

If yes, assign score of 100 arid proceed to 20.
:r no. ass.gn score of 0 and proc..d to i.t. 14.

Pathway characteri.st.cs

14 Depth to suaonej high grourzdwat.r fr has, of
waits or continat.d on, 9 1 2 3 9 — -- 27

Per.ability of the unsaturated zone 0 1 2 3 5 _______ 15

16. Infi1trat.on pot.nta1 0 1 2 3 5 ______ 15

:7. Si. of its 14 througn 16 57

15. Nora1.iz.d score (uit,p1y 17 x 100/57)

19. Potent.al for dLSCr.t. features n the unsaturated
zone to 'short—c.rcut' the pathway to the water
table 0123 5 _____ 15

20. Adjusted pathway. scare, If it 13 .s 100. enter 100.

If it 13 is 0, enter su of its 18 and 19.

If st exceeds 100. ent.r 100. _______

21. Want. cofltairient .fi.ctiv.nese factor (TAbI. 5) .0

22. F.nal score for groundwater pathways (nultiply 20 x .tn 21) 100

:oriT ON UND%&1 PATHWAYS

Known ground water contamination
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te identification: Site BSS — Base Service Station

:CNTAMINAS(T HAZARD -- SURFACE WAT

S contaminants have been d.t.ct.d in surface water (scor, of 100 in item 1). ccinpletu it.ams 23 through 28. If
contaminants have not been detected (score of 0 in item 1), compLete items 29 through 32. Attach Hazard Worksh..t or List.

cS contaminants, as appropriat..

Score Result ogarithm
(circle (baa. 10)

one)
23. Sum of human health hazard quotients (from colsm 10 of Hazard

Worksheet) _______ _______

2.. Human health hazard score 0 1 2 4 6

25. NormaLized human health hazard score (multiply item 24 x 100/6)

25. Sum of ecological hazard quotients (enter the larger of the ai.s of
cojuon 11 or 12 of Hazard Worksheet) _______ _______

27 Ecological hazard score 0 1 2 3
456

Normalized ecological hazard score (multiply item 27 x 100/6) ______

29. Haximum human health hazard index 0 1 2 3Q man anese5 6 7 8 9 Contaminant: g

30. Normalized human health hazard score (multiply item 29 x 100/9) ______

31. Maximum ecological hazard index 0 1 4 6 Contaminant: manganese

32. Normalized ecological hazard acer, (multiply item 31 x 100/6) ______

CC(TAMINAfl HAZARD - - GROUNDWAT

:s contaminants hav, been detected in groundwater (score of 100 in item 13). complete it. 33 through 38. If contaminants
ave not been detected (score of C in item 13), complet. items 39 through 42. Attach Hazard Worksheet or List of
:cntaminants. as appropriate.

33. Sum of human health hazard quotients (from colsm 10 of Hazard 8
Worksheet) 7.OxlO 8.9
Human health hazard score 0 1 2

35. Normalized human health hazard score (multiply item 34 x 100/5) 100

36, Sum of ecological hazard quotients (enter the larger of the sums of
coluozi 11 or 12 of Hazard Workshe.t) 59.3 1.8

37 Ecological hazard score 0 1 2 3
056

35 Normalized ecological hazard score (multiply item 37 x 100/6) 66.7

39. iaximum human health hazard index 0 1 2 3 4
5 6 7 5 9 Contaminant: _______________

.3 Normalized human health hazard score (multiply item 39 x 100/9)

.1. Maximum ecological hazard index 0 1 2 4 6 Contaminant: ________________

-2. Normalized ecological hazard score (multiply item 41 x 100/6)

F— 17



Score
(circi.
on•)

'.3. ?pulation that obtains drinking wat.r from pot.ntiaily .fi.ct.d 0 1

surfaci wat.r body(isa) within 3 muss (4.8 km) down.tr.m

44. War.ur us. of n.ar.st surfac. watsr body(xs)

45. Population within 1000 ft (305 n) of th. sit..

46. Distance to th. nssr.at installation boundary

Land use and/or zoning with.in 1 nil. (1.6 1) of th. sit.

48. Sum of items 43 through 47

4. Fine).. score for human hsa.Lth receptors on surface water pathways
(multiply it 46 x 100/27) 100

ECOLOGICAL R EFTCZ -- SURFACE WAT PATHWAYS

SC, Irnportance/s.nsitivity of biota/h.bjtats in
zurfmce water bodisi nure.t th. sit.

pot.ntially affsct.d 0 1®3 5 11) 15

51. Pr.sanc. of critical enviromaunta within 1 nil. (1.6
site

km) of th. 3 1 fl 3

52. Sum of items 50 and 51 18

53. Final score for •cological r.c.ptors on surf*ce water pathweys
(multiply it 52 x 100/18) 55.6

CtNTS ON SURFACE WAT RECEPTORS

F— 18

5te identification: Site BSS — Base Service Station

(UMAN NEALTH RECEPTORS -- SURFACE WAT PATHWAY
MuLtiDlier Product Max.

(scors x
mulL.)

3 9 9

3 9 9

1 3 3

1 3 3

1 3 3

27 27

0 12
0 1 2&

0 1 2

C 1



Ste identification: Site BSS — Base Service Station

?1u1ti1ier Product Max.
(score x
malt.)

9 0 27

5 15 is :

4 8 12

1 27 36

1 ___ 3

1 ___ 3

96

ECOLOGICAL RECEPTS -- GNAT PAThWAYS

62. Estimai.d mean groundwater travel tin. fr cu.rr.nt welt, location to _______
any downgradiant habitat or natural area

63. Importance/sensitivity of downgradiarit biota/habitata that ar. _______
confirm.d or suspected groundwat.r discharge points

64. Pr.s.nc. of critical .nvironm.nts within 1 mu. (1.5 kin) of the _______

CNTS ON GROUNDWAT RPTORS (attach additional pages if needed)

54. Ground water flow to Trinity River. No downgradient wells.

F— 19

NUMAN HEALTH REF1S -- GRONAT PATHWAY

54. Estimat.d insan groundwet.r travel. tine fr current waste location to

nearest downgradi.nt. water supply well(s)

55. Estiinatad mean groundwater travel time fr current waste location to
any downgradiant surface water body that supplies water for dcxn.stic

us. or for food chain agriculture

56. Growdwet.r use of the uppezinost aquifer

57. Population potentially at risk f: groundwater contamination

58. Population within 1000 ft (305 in) of th. alt.

59. Distanc, to the nearest install.at.j.on bowdary

60. S of itams 54 through 59

61. Fna1 score for hi.inan health receptors on groundwater pathways
(multiply item 60 x 100/95)

(circle
one)

2 3

O I 2&

0 1&3

0 6 9 12

24 36

O 1

0 12

58.3

site

65. Ssn of its 52 through 64

66. Final scor, for ecological. receptors on groundwater pathways
(multiply item 65 x 100/21)

012 3 _____ 9

0 3 6 g

3 1 0

15
________ 21

71.4



5ite 4en jcati.on:Site BSS — Base Service Station

SCORING SUHIARY SE!T

57. Surface water/han h.alth scor..

58. Surface waier/.co1ocaj scarce

59. Grodwat.r/ht health scores

70. Groundwat.r/.coJ..ogical scores

Pathw.'s score
35.4____ x
ts 12

35.4 x
item 12

100
22

100
22

Contaminant
hazard score Receptors score

______ 100 ) 110000 —
item 25130 9

33.3 x ) /10,000 —
item 28/32 .tem 53

100 x 5R1 ) /10,000 —
item 35/40 item 61

66.7 x 71.4 ) /10,000 —
item 38/42 item 66

Overall score

15.7

66

SR_I

47.6

V.ALL SITE SORZ

7 15.7 )2 X 5 + 6.6 )7. + (58.3 )2 5 + (47.6 )2 — 20536.2
item 67 item 68 it.em 69 item 70

72. OveraLl sit.. score — 20,536.3 454 — ,928.5
item 71
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Site identificat.ion: Site LFO1 — Landfill 1

SURFACE WATER PATHWAYS
Score MultiOlier Product Max.

(ci,rcl. (sCor. X

cbserved rel.ases on.) mult.)

Have 'contaau,nanta been det.cted n surface water? 100
0

If yes, assign scor, of 100 and proc..d to t.m 10.
If no, assign score of 0 and proceed to it 2.

?athwav charact.ristj,cs

2. Distance to nearest surfac. water 0 1 2 12

3. Net pr.cp,tation 1 2 3 1 0

4. Surface •roson potsnta1 0a2 3 4 4

5. Rainfall intensity 0 1 2 12 12

6. Surfac. p.zmeability 0 13 6

7 Suoi of items 2 tbxou 34 48

8. Noxin*Liz.d scor. (,iltiply itum 7 x 100/48) 70.8

9. Floothng poteut.al 01 2 3 8 0 24

10. Adjusted pathways score
If itsim 1 is 100, enter 100. If item 1 is 0, .nt.r
sum of items 8 arid 9. If sum •xc..ds 100, •nt.r 100. 70.8

1].. Waste contalnmsnt, .ff.ctiv.ness factor (Table 2) 0.1

12. Final. acore for surface water pathway, (multiply it 10 x it 11) 70.8

C0fr(TS ON SURFACE WATER PATHWAYS

2. 300 ft to Trinity River.

3. Mean precipitation = 31.9 inches. Lake evaporation = 57 inches.

4. From HARM FORM.

5. 3.5 inches.

6. 310t<4.2X105
9. From HARM FORM.
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Ste dentificato: Site LFO1 — Landfill 1

ROUNvJAT PATHWAYS

tlier Product Max.
(score x score

Cbserved releases one) ilt)

:3. Eav. coninants been detected in groundwater? 1 100 100
If yes, assgn score of 100 and proceed to .tem 20.
If no, assign score of 0 and proceed to ,tein 14.

Pathway charaeter,stcs

:4. Depth to seasonal high groundwater fr base of

waste or contnat.d zone 0 1 2 3 9 _______ 27

:5 Perm.eblity of the unsaturated zone 0 1 2 3 5 _______ 15

16. Infiltration potsntl,al 0 1 2 3 5 _______ 15

1? S= of its 14 th.rougn 15 _______ 57

15. Normalized score (ultp1y 17 x 100/57)

19. Potential for discrete features Lfl the unsaturated
zone to short-crcu,t' the pathway to the water

table 0123 5

20. Ad3usted pathways score. If jt 13 .s 100, entsr 100.If it 13 is 0, enter sum of its 18 end 19.
If sum exceeds 100, enter 100. 100

21. Waste cofltanm.nt. eff.ct,v.n.ss factor (TabLe 5) 1 fl

2.. F.nal score for groundwater pathways (multiply tt 20 x it 21) 100

:DrTS ON OUNDWAT PATB4AYS

Known ground water contamination.
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C.e identflcation: Site LFO1 — Landfill 1

CCTA.MINAN HAZARD -- SURFACE WAT

:f contaminants flay, been detected in surface water (scor, of 100 in item 1) complete items 23 through 28. If
-ontarninants have not been aetected (score of 0 in item 1). cmsplete items 29 through 32. Attach Hazard Workzh..t or list
f contaminants, as appropriate.

Score Result Loarthm
(circle (base 10)

one)
22. Sum of human health hazard quotients (fr coltx 10 of Hazard

Worksheet) _______ _______

26, Human health hazard score 0 1 2 4 5

2f. Normalized human health hazard score (multiply item 24 x 100/6) ______

25. Sum of ecological hazard quotients (enter the larger of the sums of
coluon 11 or 12 of Hazard Worksheet) _______ _______

27 EcoLogical hazard score 0 1 2 3
455

.:s. Normaized ecological hazard score (multiply item 27 x 100/6) _______

29. Maximum human health hazard index 0 1 2 3 4
5 6 7 8 Contaminant: manganese

32. Normalized human health hazard score (multiply item 29 x 100/9) ______

3. Maximum ecological hazard index 0 1 1. 6 Contaminant: manganese

32. Normalized ecological hazard score (multiply item 31 x 100/6) 33.3

CNTAMIHANT HAZARD -- GRCUNDWAT

contaminants have been detected in grodwater (score of 100 in item 13), complete items 33 through 38. If continants
nave not zeen detected (score of 0 in item 13), complete items 39 through 42. Attach Hazard Worksheet or List of

contaminantS, as appropriate.

Sum of human health hazard quotients (fr coli.aon 10 of Hazard 2 78x108 8 4

Hman health hazard score 0 1 2

3,5, Normalized human health hazard score (multiply item 34 x 100/6) 100

35 Sum of ecological hazard quotients (enter the larger of the aums of
coLuoz 11 or 12 of Hazard Worksheet) 102.5 2

37. Ecological hazard score 0 1 2 35635 NoaLized ecological hazard score (multiply item 37 x 100/6) 66.7

25. Haximum human health hazard index 0 1 2 3 4
5 6 7 6 9 Contaminant: ________________

Normalized human health hazard score (multiply item 39 x 100/9)

.1. Maximum ecological hazard index 0 1 2 4 6 Contaminant: ________________

-2 Normalized ecological hazard score (multiply item 41 x 100/6)

29 & 31. Ground water contaminants were used. Only confirmed information on contaminants.
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3e dent.ification:Sjte LFO1 — Landfill 1

HUMAN HEALTE RECEPTS -- SURFACE WAT PATEWAY
Multi1ier Product Max.

(circle (score x
muit.)

'.3. Population that obtains drinking water from potentially affected a i 2 3 9
surface water body(i.a) within 3 miles (4.8 km) downatreem

9
'.4. Water use of nearest surface water body(ies) 0 1 21j) 3 ______ 9

fr. 3
45. Population within 1000 ft (305 m) of the sit. 0 1 2(j) 1 _______ 3

346. Distance to th. nearest installation boundary 0 1 2(j) 1 ______ 3

47 L.and use and/or zoning within 1 mile (1.5 ian) of the site 0 1 2 1 ______ 3

2748. Sum of items 43 through 47 ______ 27

'.9 Final score for human health receptors on surface water pathway.

(multiply item 48 x 100/27) _______

ECOLOGICAL RECEPT3 -- SURFACE WAT PAThWAYS

O. importance/sensitivity of biota/habitats in
surface water bodiss nearest the site

potentially affected 0 13 10 15

51. Presence of 'critical enviromsents' within 1 mile (1.6
site

km) of the 3 1 0

52. Sum of it.ma 50 and 51
10

18

53. Final score for ecological receptors on surface water pathweys
(multiply item 52 x 100/18)

55.6

Ct'NTS ON SURFACE WAT R.ECZPTORS

Information from HARM FORM

50. Trinity River, Lake Worth, and Fort Worth Fish Hatchery.

F—24



15

8 12

1 27 36

1 3

3 3

56 g

58.3

ECOLOGICAL RECZPTCRS -- GOUN.JAT PAThWAYS

62. Estim*ted mean groundwat.r travel tim. fr curr.nt wait, location to _______
any downgrath.nt habitat or natural area

63. Importarice/asnaitivity of downgrad..i.nt biota/haitata that ar. _______
confirmed or suspected groundwat.r discharge points

64. Pres.nc. of 'critical .nvironm.nts' within 1 coil. (1.5 kin) of the ______

54. Ground water flow calculated at 2 ft/day. 0.5 mile to nearest well, which is

a municipal supply well on the other side of the Trinity River, where gradient

is towards Base, thus no flow towards well.

F—25

Site identification: Site LFO1 — Landfill 1

Score Multiplier Product Max.
(circle (scar. x 5core

on.) cmajt.)

HUMAN HIALTS RECEPX.S -- (ROUNDWAT PAThWAY

54. Esti.mated mean groundwat.r trav.l tim. fr current west, location to 1 2 3
nearest downgradi.nt water supply well(s)

55. Estimated mean groundwater travel time I r current waste location to 0 1 20
any downgradient. surfac. water body that supplies water for dc*nestic
use or for food chain agriculture

56. Growidwater us. of the uppermost aquifer 0 13
57. Population potentially at risk f: grocmdwater contamination 0 5 9 12

24 36

58. Population within 1000 ft (305 co) of the cite 0 1

59. Distance to the nearest installation botidary 0 1

60. S of itna 54 through 59

61. Final score for htan health receptors on grocmdwater pathways
(multiply item 60 x 100/96)

0 27

site

65. Stsn of items 62 through 64

56. Final score for ecological receptors on groundwater pathways
(multiply item 65 x 100/21)

012 3 9 9

0 1&3
6

1 0 3

COttNTS ON GROUNDWATER REPTORS (attach additional pages if needed)

15 21

71.4



site xdentifction: Site LFO1 — Landfill 1

SCORING SU!IIARY SET

57. Surface wet.r/h h.alth acor.s

68, Surface water/ecological scores

69 Groat.r/hi. health scores

7C. Grodwat.r/.cological scor.s

Pathways score

70.8
1tw 12

70.8
12

100
it 22

100
it. 22

Contaminant
hatar core

44.4 x
item 25/30

33.3 x
item 28/32

100
item 35/40

66.7
item 38/42

Receptors score

100
) /10,000 —

item 49

55.6 ) /10.000 —

item 53

58.3 ) /10,000 —
item 61

71.4 /10,000 —
item 66

Overall scop.
31.4

13.1

58.3

47.6

CV.ALL SITE SQRE:

7:. (31.4 2 + 13.1 )2 + 58.3)2 5 + 47.6 )2 — 24,372.7
item 67 item 68 item 69 item 70

72. OveralL site score — 24,372.7 — 7,036.0
item 71

F—2 6
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